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ning drive unit sequentially applies a scanning signal to each 
of the scanning lines and sets the corresponding display pixels 
to a selection state. A data drive unit generates a gradation 
signal corresponding to the display data and Supplies the 
gradation signal to the display pixels. A power source drive 
unit Supplies to the display pixels a drive Voltage for control 
ling a drive state of each of the display pixels. A drive control 
unit controls the power source drive unit to operate to set the 
display pixels to a non-display operation state during a non 
display period, and controls the scanning drive unit to operate 
to set the display pixels to the selection state during the 
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FIG.6A 
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DISPLAY APPARATUS AND DRIVE 
CONTROL METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Applications No. 2005 
150566, filed May 24, 2005; and No. 2005-153382, filed May 
26, 2005, the entire contents of both of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a display apparatus and a 

display drive method thereof. In particular, the invention 
relates to a display apparatus and a drive control method 
thereof, the apparatus being provided with a display panel 
having a plurality of current control type optical elements 
arranged thereon to display image information. 

2. Description of the Related Art 
In recent years, light weight and thin type display devices 

which consume a lower amount of electric power are con 
spicuously prevalent as monitors and displays of personal 
computers and video equipment. In particular, liquid crystal 
display (LCD) apparatuses are widely applied as display 
devices for mobile phones, digital cameras, personal data 
assistants (PDAs), and portable devices (mobile handsets) 
Such as electronic dictionaries. 
As a next-generation display device which follows such an 

LCD apparatus, research and development have been briskly 
made toward a full-scale popularization of a self-luminous 
type display device (a self-luminous type display) provided 
with a display panel in which organic electroluminescent 
elements (organic EL elements), inorganic electrolumines 
cent element (inorganic EL elements) or self-luminous type 
optical elements such as light emitting diodes (LED) are 
arranged in a matrix form. 

In particular, a self-luminous type display apparatus to 
which an active matrix drive mode is applied has a higher 
display response speed than that of the above-described liquid 
crystal display. Further, the self-luminous type display appa 
ratus does not have view field angle dependency, and can 
achieve an increase in luminance/contrast and in fineness of a 
display image quality. Furthermore, the self-luminous type 
display apparatus does not require the backlight used in a 
liquid crystal display, and hence the self-luminous type dis 
play has very advantageous characteristics in the application 
to portable devices that a further reduction in a thickness and 
a weight and/or a further decrease in power consumption is 
possible. 

FIG.25 is schematic structural diagram showing a primary 
part of an active matrix type self-luminous type display appa 
ratus in a prior art. 

FIG. 26 is a timing chart showing one example of a display 
drive method of the active matrix type self-luminous type 
display apparatus in the prior art. 

FIG. 27 is a timing chart showing another example of the 
active matrix type self-luminous type display apparatus in the 
prior art. 

Here, in FIGS. 26 and 27, for ease of comparison with 
embodiments which will be described later, there is shown a 
display drive method in the case where the apparatus has a 
configuration in which a display panel has twelve rows (first 
to twelfth rows) of display pixels arranged. In FIGS. 26 and 
27, symbol K denotes a positive integer. Incidentally, hatch 
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2 
ing is provided for clarifying a writing operation and display 
operation of image data in each row, and writing operation 
and display operation of blanking data. 
An active matrix type display apparatus Such as a liquid 

crystal display apparatus and a self-luminous type display 
apparatus generally has, as shown in FIG. 25, a configuration 
comprising: a display panel 110P in which a plurality of 
display pixels EMp are arranged in two dimensions in the 
vicinity of intersections of a plurality of Scanning lines SLp 
and data lines DLp arranged in row and column directions; a 
scanning driver 120P which is connected with the scanning 
lines SLp; and a data driver 140P which is connected with the 
data lines DL. 

For example, as shown in FIG. 26, in a display drive control 
in the display apparatus having Such a configuration, display 
pixels EMp for each row are sequentially set to a selection 
state by sequentially applying a selection level scanning sig 
nal Ssel to the scanning lines SLp in each row from the 
scanning driver 120P in the beginning. Then, in Synchroniza 
tion with the selection timing of each row, a gradation Voltage 
Vpix corresponding to image data (display data) in the row is 
applied to the data line DLp in each column from the data 
driver 140P, whereby a voltage component based on the gra 
dation voltage Vpix is held to each of the display pixels EMp 
(a image data writing period). As a consequence, a gradation 
control corresponding to the above-described Voltage com 
ponent is performed in each display pixel EMp, so that a 
display operation (light emitting operation) corresponding to 
the image data is performed and desired image information is 
displayed on the display panel. 

Subsequently, the display pixels EMp for each row are set 
to a non-selection state by sequentially applying a non-selec 
tion level scanning signal Ssel to the scanning lines SLp from 
the scanning driver 120P However, when the voltage com 
ponent written immediately previously is held in each of the 
display pixels, the display operation corresponding to the 
image data continues (a image display period), and the opera 
tion continues until next image data is written in the display 
pixels EMp in each row. This type of display control method 
is referred to as a hold type. 

In Such a hold type display control method, there is pro 
vided a characteristic Such that flickering is hardly generated 
in the display operation of static images because the display 
operation (the light emitting operation) corresponding to the 
image data continues in almost all the period of one frame 
period. However, on the other hand, in the display of moving 
images, image information displayed in the previous frame 
period can become visually recognized more easily as an 
afterimage, and consequently, blurs and stains of the image 
information occur, which will lead to the deterioration of 
display image quality. 

Then, as a display drive method for improving the display 
image quality by Suppressing blurs and stains in the display 
operation of moving images, there is known a technique for 
performing, in one frame period, an operation (a blanking 
data writing period) of Supplying from a data driver to each 
data line blanking data for performing an operation (a light 
emitting operation) of displaying each display pixel EMp at 
the lowest gradation, or for performing a non-display opera 
tion (a non-light emitting operation) and a black display 
operation (a black display period) based on the blanking data, 
in addition to the above-described image data writing period 
and image display period. As a consequence, a definite length 
of a black display period is inserted into the one frame period 
and a blank display state is set. Accordingly, a display drive 
method (referred to as a “pseudo-impulse type display drive 
method for convenience) in which the image display period 



US 7,868,880 B2 
3 

is relatively reduced can be realized and a display image 
quality in the display operation of moving images can be 
improved. 

However, in Such a pseudo-impulse type display drive 
method, as shown in FIG. 27, it is required to set, in one frame 
period, the writing period of the blanking data Supplied from 
the data driver and the black display period as well as the 
writing period of the image data Supplied from the data driver 
and the image display period. For this reason, only the writing 
operation of the image data Supplied from the data driver and 
the image display operation are performed in one frame 
period as shown in FIG. 26. As compared with the case in 
which the black display operation is not performed, the time 
which can be allocated to the writing operation of the image 
data is shortened, and as a consequence, it becomes necessary 
to write the image data at a high speed by heightening a drive 
frequency (that is, the drive frequency of the display appara 
tus) associated with the writing operation of the image data. 

In this manner, when the writing period of the image data 
(display data) is shortened so that the writing operation must 
be performed at a high rate, a writing insufficiency occurs 
owing to the insufficiency of the time for writing the image 
data to each display pixel with respect to a signal delay 
generated resulting from a CR time constant produced by a 
resistance component parasitic on signal wirings of a display 
panel and a capacity component, etc. Consequently, grada 
tion display corresponding to the image data may not be 
executed properly. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has an advantage in that the inven 
tion can provide a display apparatus which comprises an 
active matrix type display panel and displays image informa 
tion corresponding to display data, the apparatus being 
capable of displaying moving images with a favorable display 
quality while being capable of displaying image information 
at an appropriate gradation corresponding to the display data, 
and also can provide a display drive method thereof. 
A display apparatus according to the present invention to 

obtain the above advantage comprises: a display panel includ 
ing a plurality of display pixels arranged thereon in vicinities 
of respective intersections of a plurality of Scanning lines 
arranged in a row direction and a plurality of data lines 
arranged in a column direction; a scanning drive unit which 
sequentially applies a scanning signal to each of said plurality 
of scanning lines and sets the display pixels corresponding to 
each the scanning line to a selection State; a data drive unit 
which generates a gradation signal corresponding to the dis 
play data and Supplies the gradation signal to the display 
pixels set to the selection state; a power source drive unit 
which Supplies to the display pixels a drive Voltage for con 
trolling a drive state of each of the display pixels; and a drive 
control unit which: (i) controls the power source drive unit to 
operate to set the display pixels to a non-display operation 
state during a non-display period in which the display pixels 
do not display the display data, and (ii) controls the scanning 
drive unit to operate to set the display pixels to the selection 
state during the non-display period. 
A drive control method of controlling a display apparatus 

according to the present invention to obtain the above advan 
tage, in which the display apparatus comprises a display panel 
including a plurality of display pixels arranged thereon in 
vicinities of intersections of a plurality of scanning lines 
arranged in a row direction and a plurality of data lines 
arranged in a column direction, the method comprising: 
sequentially setting the display pixels to a selection state, row 
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4 
by row; sequentially Supplying a gradation signal corre 
sponding to the display data to the display pixels, row by row, 
in each row set to the selection state; setting each of the 
display pixels to a display operation state in a bias State 
corresponding to the gradation signal; and setting the display 
pixels to a non-display operation state in a non-display period 
in which the display pixels do not display the display data; 
wherein the display pixels are set to the selection state while 
set in the non-display operation State. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a schematic block diagram showing a first 
embodiment of a display apparatus according to the present 
invention. 

FIG. 2 is a structural diagram of a primary part, showing 
one example of a display panel applied to the display appa 
ratus according to the first embodiment and a peripheral cir 
cuit thereof. 

FIG. 3 is a circuit structural diagram showing one example 
of a display pixel applied to a display apparatus according to 
the first embodiment. 

FIG. 4 is a schematic block diagram showing one example 
of a data driver which can be applied to the display apparatus 
according to the first embodiment. 

FIG. 5 is a timing chart showing a drive control method in 
the display pixel applied to the display apparatus according to 
the first embodiment. 

FIGS. 6A and 6B are conceptual diagrams each showing a 
non-light emitting operation and a writing operation in the 
display pixel according to the first embodiment. 

FIG. 7 is a conceptual diagram showing a light emitting 
operation in the display pixel according to the first embodi 
ment. 

FIG. 8 is a timing chart showing one example of the display 
drive method of the display apparatus according to the first 
embodiment. 

FIG. 9 is a schematic block diagram showing a second 
embodiment of the display apparatus according to the present 
invention. 

FIG. 10 is a structural diagram of a primary part, showing 
one example of a display panel applied to the display appa 
ratus according to the second embodiment and a peripheral 
circuit thereof. 

FIG. 11 is a circuit structural diagram showing one 
example of a display pixel applied to the display apparatus 
according to the second embodiment. 

FIG. 12 is a timing chart showing a drive control method in 
the display pixel applied to the display apparatus according to 
the second embodiment. 

FIGS. 13A and 13B are conceptual diagrams showing a 
reverse bias setting operation and a non-light emitting opera 
tion in the display pixel according to the second embodiment. 

FIGS. 14A and 14B are conceptual diagrams showing a 
writing operation and a light emitting operation in the display 
pixel according to the second embodiment. 

FIG. 15 is a graph showing an experiment result represen 
tative of a change amount of a threshold Voltage in the case 
where a switching element for display drive is set to a reverse 
bias state in the display pixel according to the second embodi 
ment. 

FIG. 16 is a timing chart showing one example of the 
display drive method of the display apparatus according to the 
second embodiment. 
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FIG. 17 is a structural diagram of a primary part, showing 
one example of a display panel applied to a display apparatus 
according to a third embodiment. 

FIG. 18 is a structural diagram of a primary part, showing 
one example of a peripheral circuit of the display panel 
applied to the display apparatus according to the third 
embodiment. 

FIG. 19 is a structural diagram of a primary part, showing 
another example of the display panel applied to the display 
apparatus according to the third embodiment and the periph 
eral circuit thereof. 

FIG. 20 is a timing chart showing a first example of the 
display drive method of the display apparatus according to the 
third embodiment. 

FIG. 21 is a timing chart showing a second example of the 
display drive method of the display apparatus according to the 
third embodiment. 

FIG. 22 is a structural diagram of a primary part, showing 
one example of a display panel applied to a display apparatus 
according to a fourth embodiment and a peripheral circuit 
thereof. 

FIG. 23 is a timing chart showing a first example of a 
display drive method of the display apparatus according to the 
fourth embodiment. 

FIG. 24 is a timing chart showing a second example of the 
display drive method of the display apparatus according to the 
fourth embodiment. 

FIG. 25 is a conceptual structural diagram showing a pri 
mary part of a Voltage control active matrix self-luminous 
type display in the prior art. 

FIG. 26 is an equivalent circuit diagram showing a struc 
tural example of a display pixel applicable to the self-lumi 
nous type display in the prior art. 

FIG.27 is a timing chart showing one example of a display 
drive method of a display panel in the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a display apparatus according to the present 
invention and a drive control method thereof will be 
explained in detail on the basis of embodiments shown in the 
figure. 

First Embodiment 

First, a schematic configuration of a display apparatus 
according to a first embodiment will be explained with refer 
ence to the drawings. FIG. 1 is a schematic block diagram 
showing the first embodiment of the display apparatus 
according to the invention. 

FIG. 2 is a structural diagram of a primary part, showing 
one example of a display panel applied to the display appa 
ratus according to the first embodiment and a peripheral cir 
cuit thereof. 

Incidentally, in the embodiment shown hereinbelow, there 
will be explained a self-luminous type display apparatus 
wherein a display panel has a configuration in which a plu 
rality of display pixels provided with self-luminous type light 
emitting elements are arranged in two dimensions as optical 
elements, the display apparatus displaying image information 
by allowing the optical elements of each of the display pixels 
to perform a light emitting operation with a luminance gra 
dation corresponding to display data (image data). However, 
the present invention is not limited thereto. Like a liquid 
crystal display apparatus, a display apparatus may be permis 
sible which provides a gradation display (display operation) 
of desired image information by means of transmitting light 
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6 
or reflecting light in Such a manner that each display pixel is 
gradation-controlled in accordance with display data (set to a 
bias state in accordance to the display data). 
As shown in FIGS. 1 and 2, a display apparatus 100A 

according to the present embodiment comprises a display 
panel 110, a scanning driver (a scanning drive unit) 120, a 
power source driver (a power source drive unit) 130, a data 
driver (a data drive unit) 140, a system controller (a drive 
control unit) 150, and a display signal generation circuit 160. 
The display panel 110 has a plurality of display pixels EM 
arranged thereon in the vicinity of intersections of a plurality 
of scanning lines SL and a plurality of data lines DL arranged 
So as to generally extend at right angles to each other in row 
and column directions, the pixels being provided with a dis 
play drive circuit described later and a light emitting element. 
The scanning driver 120 is connected with the Scanning lines 
SL of the display panel 110, and sequentially applies a selec 
tion level (high level) scanning signal Vsel at a predetermined 
timing for the scanning lines SL, thereby setting display 
pixels EM for each row to a selection state. The power source 
driver 130 is connected with a plurality of power source lines 
VL arranged in parallel to the scanning lines SL in each row, 
and sequentially applies a drive Voltage Vsc at a predeter 
mined timing for the power source lines VL. The data driver 
140 is connected with the data lines DL of the display panel 
110, and Supplies a gradation signal (gradation current Idata) 
corresponding to display data to the display pixels EM via 
each of the data lines DL. The system controller 150 controls 
an operation state of at least the Scanning driver 120, the 
power source driver 130 and the data driver 140 on the basis 
of a timing signal Supplied from a display signal generation 
circuit 160 described later to generate and output a scanning 
control signal, a power source control signal and a data con 
trol signal for performing a predetermined image display 
operation in the display panel 110. The display signal gen 
eration circuit 160 generates display data and Supplies the 
data to the data driver 140 on the basis of a image signal 
Supplied, for example, from the outside of the display appa 
ratus 100A, and also extracts or generates a timing signal (a 
system clock or the like) for displaying predetermined image 
information on the display panel 110 on the basis of the 
display data to Supply the timing signal to the system control 
ler 150. 

Next, each of the above-described configurations will be 
specifically explained. 

(Display Panel and Display Pixel) 
FIG. 3 is a circuit structural diagram showing one example 

of a display pixel (a display drive circuit) which is applied to 
the display apparatus according to the present embodiment. 

Incidentally, in the present embodiment, there will be 
explained a case in which there is provided a circuit configu 
ration (a display drive circuit) corresponding to a drive con 
trol method of a current gradation designation system. The 
drive control method allows a display drive current having a 
current value corresponding to display data to flow in a light 
emitting element provided on each display pixel by Supplying 
a gradation current having a current value corresponding to 
the display data as a display pixel, thereby performing a light 
emitting operation (a display operation) with a desired lumi 
nance gradation. However, the present invention is not limited 
thereto. For example, the present invention may have a circuit 
configuration corresponding to a drive control method of 
Voltage gradation designation system. The drive control 
method allows a display drive current having a current value 
corresponding to display data to flow in a light emitting 
element of each display pixel by applying a gradation Voltage 
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having a Voltage value corresponding to the display data, 
thereby performing a light emitting operation with a desired 
luminance gradation. 
The display panel 110 which is applied to the display 

apparatus 110A according to the present invention sequen 
tially allows the display pixels EM in each row to perform a 
non-light emitting operation (a non-display operation) in a 
predetermined period by, for example, sequentially shutting 
down the application of the drive voltage for display drive to 
the display pixels EM for each row in the beginning in a 
plurality of display pixels EM arranged in two dimensions in 
row and column directions. Thereafter, a writing operation of 
the display data is sequentially performed, so that the display 
pixels EM for each row are controlled to sequentially perform 
a light emitting operation (a display operation) with a prede 
termined luminance gradation. 
As a configuration for attaining Such an object, with respect 

to the display pixels EM arranged in the display panel 110 
according to the present embodiment, a configuration can be 
applied which comprises a display drive circuit DC1 and a 
known organic EL element (a light emitting element) OEL as 
shown in, for example, FIG. 3. The display drive circuit DC1 
sets the display pixels EM to a selection state on the basis of 
the scanning signal Vsel generally applied from the scanning 
driver 120, fetches the gradation signal (the gradation current 
Idata) supplied from the data driver 140 in the selection state, 
and generates a display drive current corresponding to the 
gradation signal. The organic EL element OEL performs a 
light emitting operation with a predetermined luminance gra 
dation on the basis of the display drive current supplied from 
the display drive circuit DC1. 

The display drive circuit DC1 according to the present 
embodiment has, as shown in FIG. 3 specifically, a configu 
ration which comprises a thin film transistor (a writing con 
trol circuit, a second Switching circuit) Tr11, a thin film tran 
sistor (a writing control circuit, a third Switching circuit) 
Tr12, a thin film transistor (a control circuit, a first switching 
circuit, a display drive circuit) Tr13, and a capacitor (an 
electric charge accumulation circuit, a capacitance element) 
Cs. In the thin film transistor Tr11, a gate terminal (a control 
terminal) is connected with a scanning line SL, and a drain 
terminal and a source terminal (first end and second end of a 
conduction channel) are connected respectively to a power 
source line VL to which a predetermined voltage Vsc is 
applied and a contact point N11. In the thin film transistor 
Tr12, a gate terminal (a control terminal) is connected with 
the scanning line SL, and a source terminal and a drainter 
minal (first end and second end of a conduction channel) are 
connected respectively to the power source line VL and a 
contact point N12. In the thin film transistor Tr13, a gate 
terminal (a control terminal) is connected with the contact 
point N11, and a drainterminal and a source terminal (one end 
an the other end of a conduction channel) are connected 
respectively to the power source line VL and the contact point 
(connection contact point) N12. The capacitor Cs is con 
nected between the contact point N11 and the contact point 
N12 (between the gate and source terminals of the thin film 
transistor Tr13). 

Furthermore, in the organic EL element OEL, an anode 
terminal is connected with the contact point N12 of the dis 
play drive circuit DC1 whereas a common voltage Vcom is 
applied to a cathode terminal. Here, the common Voltage 
Vcom is set to an arbitrary potential (for example, a ground 
potential GND). The common voltage Vcom is set to be 
equipotential to a drive voltage Vsc (Vs) set to a low level in 
the writing operation period in which the gradation signal (the 
gradation current Idata) corresponding to the display data is 
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8 
supplied to the display pixels EM (the display drive circuit 
DC1) and in the non-light emitting operation period (the 
non-display operation period) in which the organic EL ele 
ment (the light emitting element) OEL is not allowed to 
perform the light emitting operation. Alternatively, the com 
mon Voltage Vcom is set to an arbitrary potential (for 
example, a ground potential GND) which is a potential set to 
be higher than the drive voltage Vsc and which becomes a 
potential lower than the drive voltage Vsc (=Ve) set to a high 
level in the light emitting operation period (the display opera 
tion period) in which the display drive current is supplied to 
the organic EL element (the light emitting element) OEL so 
that the organic EL element (the light emitting element) per 
forms the light emitting operation with a predetermined lumi 
nance gradation (VSSV.comsVe). 

Here, the capacitor Cs may be a parasitic capacitance 
which is formed between the gate and the source of the thin 
film transistor Tr13, or a capacitance element may be further 
connected in parallel between the contact point N11 and the 
contact point N12 in addition to the parasitic capacitance. 

Furthermore, the thin film transistors Tr11 to Tr13 are not 
particularly limited. For example, an n-channel type amor 
phous silicon thin film transistor can be applied by constitut 
ing the thin film transistors Tr11 to Tr13 all with a single 
channel type thin film transistor (an electric field effect type 
transistor). 

In this case, the display drive circuit comprising amor 
phous silicon thin film transistors having uniform and stable 
element characteristics can be manufactured in a relatively 
easy manufacturing process by applying an already estab 
lished amorphous silicon manufacturing technique. Inciden 
tally, in the following explanation, there will be explained a 
case in which the thin film transistors Tr11 to Tr13 are con 
stituted all with n-channel type thin film transistors as one 
structural example of the display drive circuit DC1. 

In addition, in the above-described case, the organic EL 
element OEL is used as the light emitting element which is 
display-driven by the display drive circuit DC1. However, the 
light emitting element in the present invention is not limited to 
the organic EL element OEL. As long as the light emitting 
element is a current control type light emitting element, 
another type of light emitting element Such as a light emitting 
diode may be used. Furthermore, in the present embodiment, 
there will be explained a case in which image information is 
displayed by display-driving the current control type light 
emitting element by the display drive circuit DC1. A configu 
ration for generating a Voltage component corresponding to 
display data to display-drive the Voltage control type light 
emitting element, and a circuit configuration for changing an 
orientation State of liquid crystal molecules may be provided. 

(Scanning Driver) 
The scanning driver 120 sets the display pixels EM for each 

row to a selection state by applying the selection level scan 
ning signal Vsel to each scanning line SL on the basis of the 
scanning control signal Supplied from the system controller 
150. More specifically, an operation of applying the scanning 
signal Vsel to the Scanning lines SL in each row is performed 
with a shift of timing for preventing the mutual overlapping of 
operations in terms of time to sequentially set the display 
pixels EM for each row to a selection state. 

Here, as shown in, for example, FIG. 2, the scanning driver 
120 has a configuration which comprises a known shift reg 
ister 121 and an output circuit unit (an output buffer) 122. The 
shift register 121 sequentially outputs a shift signal corre 
sponding to the scanning line SL in each row on the basis of 
a scanning clock signal SCK and a scanning start signal SST 
which are supplied from the system controller 150 described 



US 7,868,880 B2 

later as Scanning control signals. The output circuit unit 122 
converts the shift signal output from the shift register 121 to a 
predetermined signal level (on-level) signal to output the 
converted signals to the scanning lines SL as the scanning 
signals Vsel on the basis of an output control signal SOE 
supplied from the system controller 150 as a scanning control 
signal. 

(Power Source Driver) 
The power source driver 130 applies a high level drive 

voltage (a first voltage) Visc (Ve) to the power source line VL 
in the row only in the light emitting operation period with 
respect to the display pixels EM in each row on the basis of the 
power Source control signal Supplied from the system con 
troller 150, and applies a low level drive voltage (a second 
voltage) Visc (=Vs) in the other operation period (the non 
light emitting period (the non-display operation) period) than 
the light emitting operation (the display operation) period. In 
this case, an operation of applying the low level drive Voltage 
Vsc becomes Substantially equivalent to an operation of shut 
ting down the supply of the drive voltage Vsc to the display 
pixels EM (the display drive circuit DC1). 
As shown in, for example, FIG. 2, the power source driver 

130 has a configuration which comprises a known shift reg 
ister 130 and an output circuit unit 132, as in the scanning 
driver 120 described above. The shift register 130 sequen 
tially outputs a shift signal corresponding to the power Source 
line VL in each row on the basis of a clock signal VCK and a 
start signal VST which are supplied as power source control 
signals from the system controller 150. The output circuit unit 
132 converts the shift signals to predetermined voltage levels 
(voltage values Ve, Vs) to output the converted signals to the 
power source lines VL as the drive voltage Vsc on the basis of 
the output control signal VOE supplied as the power source 
control signal. 

(Data Driver) 
FIG. 4 is a schematic block diagram showing one example 

of a data driver which can be applied to the display apparatus 
according to the present embodiment. 

Incidentally, an internal configuration of the data driver 
shown in FIG. 4 is shown merely as one example in which a 
gradation current having a current value corresponding to 
display data can be generated, and the present invention is not 
limited thereto. 

Generally, as shown in FIGS. 1 and 2, the data driver 140 
sequentially fetches and holds display data (luminance gra 
dation data) comprising digital signals Supplied from the 
display signal generation circuit 160 described later on the 
basis of the data control signal Supplied from the system 
controller 150 for one row portion at a predetermined timing. 
Then, the data driver 140 generates a gradation current Idata 
having a current value corresponding to a gradation value of 
the display data, and simultaneously supplies the gradation 
current Idata to the display pixels EM of a row set to a 
selection state in the writing period via the data lines DL. 

Specifically, as shown in FIG. 5 described later, the data 
driver 140 can be applied with a configuration which com 
prises a shift register circuit 41, a data register circuit 42, a 
data latch circuit 43, a D/A converter 44, and a voltage current 
conversion and gradation current Supply circuit 45. The shift 
register circuit 41 sequentially outputs a shift signal on the 
basis of a data control signal (a shift clock signal CLK, a 
sampling start signal STR) supplied from the system control 
ler 150. The data register circuit 42 sequentially fetches one 
row portion of display data D0 to Dm which are supplied from 
the display signal generation circuit 160. The data latch cir 
cuit 43 holds one row portion of the display data D0 to Dm 
which are fetched with the data register circuit 42 on the basis 
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10 
of a data control signal (a data latch signal STB). The D/A 
converter 44 converts the held display data D0 to Dm to a 
predetermined analog signal Voltage (a gradation Voltage 
Vpix). The Voltage current conversion and gradation current 
Supply circuit 45 generates a gradation current Idata corre 
sponding to the display data converted to an analog signal 
Voltage to simultaneously output the gradation current Idata 
to the data lines DL in a column corresponding to the display 
data at a timing based on a data control signal (an output 
enable signal OE) supplied from the system controller 150. 

(System Controller) 
The system controller 150 operates each of the drivers at a 

predetermined timing by generating and outputting a scan 
ning control signal, a power source control signal and a data 
control signal at least to each of the Scanning driver 120, the 
power source driver 130 and the data driver 140 as timing 
control signals for controlling an operation state, and gener 
ates and outputs a scanning signal Vsel and a drive Voltage 
Vsc having a predetermined Voltage level as well as a grada 
tion signal (a gradation current Idata) corresponding to the 
display data. Then, the system controller continuously per 
forms the drive control operation (the non-light emitting 
operation, writing operation and light emitting operation) in 
each of the display pixels EM (the display drive circuit DC1), 
thereby making a control to display predetermined image 
information based on a image signal on the display panel 110. 

(Display Signal Generation Circuit) 
The display signal generation circuit 160 extracts, for 

example, a luminance gradation signal component from a 
image signal Supplied from the outside of the display appa 
ratus 100A, and Supplies the luminance gradation signal com 
ponent for each row portion of the display panel 110 to the 
data register circuit 42 of the data driver 140 as the display 
data (the luminance gradation data) comprising digital sig 
nals. Here, in the case where the above-described image sig 
nal includes a timing signal component for regulating a dis 
play timing of the image information like a television 
broadcast signal (a composite image signal), the display sig 
nal generation circuit 160 may have a function of extracting 
the timing signal component to Supply the component to the 
system controller 150 in addition to the function of extracting 
the luminance gradation signal component. In this case, the 
above system controller 150 generates each of the control 
signals Supplied individually to the scanning driver 120, the 
power source driver 130 and the data driver 140 on the basis 
of the timing signal Supplied from the display signal genera 
tion circuit 160. 

<Drive Control Method of Display Pixeld 
Next, there will be explained a drive control method of the 

display pixels constituting the display panel described above 
in the present embodiment. 

FIG. 5 is a timing chart showing the drive control method 
in the display pixels applied to the display apparatus accord 
ing to the present embodiment. 

FIGS. 6A and 6B are conceptual diagrams showing a non 
light emitting operation and a writing operation in the display 
pixels according to the present embodiment. 

FIG. 7 is a conceptual diagram showing a light emitting 
operation in the display pixels according to the present 
embodiment. 
As shown in FIG. 5, a drive control operation in the display 

pixel EM (the display drive circuit DC1) according to the 
present embodiment is set so as to include a writing operation 
period Twirt, a light emitting operation period (a display 
operation period) Tem, and a non-light emitting operation 
period (a non-display operation period) Tnem in a predeter 
mined process cycle period (an operation period) Tcyc. In the 
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writing operation period Twirt, the display pixels EM con 
nected with a scanning line SL are set to a selection state and 
a gradation current Idata having a current value correspond 
ing to display data is Sullied, whereby a Voltage component 
corresponding to the display data is held in between the gate 
and the source (in the capacitor Cs) of the thin film transistor 
Tr13 for display drive provided on the display drive circuit 
DC1. In the light emitting operation period (the display 
operation period) Tem, a display drive current having a cur 
rent value corresponding to the display data is allowed to flow 
in the organic EL element OEL on the basis of the voltage 
component held in between the gate and the source of the thin 
film transistor Tr13 in the writing operation period Twrt to 
performalight emitting operation with a predetermined lumi 
nance gradation. The non-light emitting operation period (the 
non-display operation period) Tnem is the other period than 
the light emitting operation (a period including the above 
writing operation period). In The non-light emitting operation 
period Tnem, the supply of the display drive current to the 
organic EL element is shut down to prevent the light emitting 
operation by shutting down the Supply of the drive Voltage 
Vsc (applying a low level drive voltage Vsc) to the display 
pixels EM (the display drive circuit DC1) (TcycleTem+ 
Tnem, TnemeTwrt). 

Here, as shown in FIG. 5, the writing operation period 
Twrt, the light emitting operation period Tem and the non 
light emitting operation period Tnem set in the one process 
cycle period Tcyc may be such that the writing operation and 
the light emitting operation are continuously performed after 
the non-light emitting operation, or may be such that the 
writing operation is performed at an arbitrary timing (during 
the non-light emitting operation period) of the non-light emit 
ting operation period to perform the light emitting operation 
after the termination of the light emitting operation period. 

Furthermore, the one process cycle period Tcyc according 
to the present embodiment is set to a period which is required 
for the display pixel EM to display one pixel portion of image 
information out of an image having one frame (one screen). 
That is, as will be explained in the display drive method of the 
display apparatus described later, in the case where one frame 
of image is displayed on the display panel 110 having a 
plurality of display pixels EM arranged thereon in two dimen 
sions in the row and column directions, the above-described 
one process cycle period Tcyc is set to a period which is 
required for one row portion of the display pixels EM to 
display one row portion of image out of the one frame of 
images. 

(Non-Display Operation Period) 
In the non-light emitting operation period (the non-display 

operation period) Tnem, as shown in FIGS. 5 and 6A, the 
display pixels EM are set to a non-selection state by applying 
a non-selection level (for example, low level) scanning signal 
Vsel with respect to the scanning line SL from the scanning 
driver 120 while a low level drive voltage (a second voltage) 
is applied to the power source line VL from the power source 
driver 130. In addition, no gradation current Idata is supplied 
to the data line DL from the data driver 140. 

As a consequence, the thin film transistors Tr11 and Tr12 
provided on the display drive circuit DC1 are set to an OFF 
state. Accordingly, a setting is made Such that an electric 
connection between the gate terminal (the contact point N11, 
one end side of the capacitor Cs) of the thin film transistor 
Tr13 and the power source line VL is shut down, and that an 
electric connection between the Source terminal (the contact 
point N12, the other end side of the capacitor Cs) of the thin 
film transistor Tr13 and the data line DL is also shut down. 
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Here, as will be explained in the display drive method of 

the display apparatus described later, the drive control opera 
tion in each display pixel is repeatedly performed by using 
one process cycle period Tcyc (one frame period Tfr) as one 
cycle. Therefore, the voltage component written on the basis 
of the display data in a process cycle period prior to the one 
process cycle period by one period is held in the gate and the 
source (the both ends of the capacitor Cs) of the thin film 
transistor Tr13 at the start time of the above-described non 
light emitting operation period Tnem, while the thin film 
transistor Tr13 is set to an ON state. 
As a consequence, a low level (not more than the ground 

potential GND) drive voltage Vsc (Vs) which has been 
applied to the power source line VL is applied to the anode 
terminal (the contact point N12) of the organic EL element 
OEL via the thin film transistor Tr13, and a potential not more 
than the same level is set with respect to the potential Vcom 
(the ground potential GND) of the cathode terminal. As a 
result, a reverse bias Voltage is applied to the organic EL 
element OEL, so that no display drive current flows and no 
non-light emitting operation is performed (the non-light emit 
ting operation). 

(Writing Operation Period) 
Next, in the writing operation period Twrt set in the above 

described non-light emitting operation period Tnem, a selec 
tion level Scanning signal Vsel is applied to the scanning line 
SL from the scanning driver 120 as shown in FIGS. 5 and 6A 
to set the display pixels EM to a selection state. In addition, in 
synchronization with this selection timing, a gradation cur 
rent Idata having a current value (having a negative polarity) 
corresponding to display data is Supplied to the data line DL 
from the data driver 140. Further, in the writing operation 
period Twirt, a low level drive voltage (a second voltage) Vsc 
(=Vs) is applied to the power source line VL from the power 
source driver 130, in the same manner as in the above-de 
scribed non-light emitting operation period Tnem. 

Accordingly, the thin film transistors Tr11 and Tr12 pro 
vided on the display drive circuit DC1 perform an ON opera 
tion, so that the low level drive voltage Vsc is applied to the 
gate terminal (the contact point N11; one end side of the 
capacitor Cs) of the thin film transistor Tr13 via the thin film 
transistor Tr11 while the source terminal (the contact point 
N12; the other end side of the capacitor Cs) of the thin film 
transistorTr13 is electrically connected with the data line DL 
via the thin film transistor Tr12. 

Here, since the gradation current Idata having a current 
value of negative polarity is Supplied to the data line DL, a 
drawing-in action is accrued in which the gradation current 
Idata is likely to flow in a direction of the data driver 140 from 
the side of the data line DL, and a voltage level having a 
potential lower than the low level drive voltage Vsc is applied 
to the source terminal (the contact point N12; the other end 
side of the capacitor Cs) of the thin film transistor Tr13. 

In this manner, a potential difference is generated between 
the contact points N11 and N12 (between the gate and the 
source of the thin film transistor Tr13). As a result, the thin 
film transistor Tr13 performs an ON operation, and a writing 
current Ia corresponding to the gradation current Idata flows 
in the direction of the data driver 140 via the thin film tran 
sistorTr13, the contact point N12, the thin film transistor Tr12 
and the data line D1 from the power source line VL. 
At this time, electric charges corresponding to the potential 

difference generated between the contact points N11 and N12 
(between the gate and the source of the thin film transistor 
Tr13) are accumulated in the capacitor Cs to be held as the 
voltage component (refer to a potential Vc between the both 
ends of the capacitor Cs in FIG.5). Furthermore, the low level 
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(not more than the ground potential GND) drive voltage Vsc 
(=Vs) is applied to the power source line VL, and further, the 
writing current Ia is controlled so as to flow in a direction of 
the data line DL, so that the potential applied to the anode 
terminal (the contact point N12) of the organic EL element 
becomes lower than the potential Vicom (the ground potential 
GND) of the cathode terminal. Consequently, a reverse bias 
Voltage is applied to the organic EL element OEL, so that no 
display drive current flows in the organic EL element OEL 
and a non-light emitting operation is not performed (the non 
light emitting operation). 

(Display Operation Period) 
Next, in the light emitting operation (the display operation 

period) Tem after the termination of the writing operation 
period Twrt or the non-light emitting operation period (the 
non-display operation period) Tnem including the writing 
operation Twirt, as shown in FIGS. 5 and 7, the following 
operation is performed in the same manner as in the non-light 
emitting operation period Tnem described above. That is, a 
low level scanning signal Vsel is applied to the Scanning line 
SL from the scanning driver 120 to set the display pixels EM 
to a non-selection state, and in Synchronization with this 
non-selection timing, the Supply of the gradation current Idata 
from the data driver 140 is shut down and the drawing-in 
action in the gradation current Idata is suspended. Further 
more, in the light emitting operation period Tem, a high level 
drive voltage (a first voltage) Visc (Ve) is applied to the 
power source line VL from the power source driver 130. 
As a consequence, the thin film transistors Tr11 and Tr12 

provided on the display drive circuit DC1 perform an OFF 
operation, so that the application of the drive Voltage Vsc to 
the gate terminal (the contact point N11; one end side of the 
capacitor Cs) of the thin film transistor Tr13 is shut down 
while the application of the Voltage level resulting from the 
action of drawing-in in the gradation current Idata to the 
source terminal (the contact point N12; the other end side of 
the capacitor Cs) of the thin film transistor Tr13 is shut down. 
Consequently, electric charges accumulated in the writing 
operation period Twrt described above are held in the capaci 
tor Cs. 

In this manner, a potential difference between the contact 
points N11 and N12 (between the gate and the source of the 
thin film transistorTr13; the both ends of the capacitor Cs) is 
held, so that the thin film transistor Tr13 maintains the ON 
state. Furthermore, since a drive Voltage Visc having a higher 
potential than the common Voltage Vcom (the ground poten 
tial GND) is applied to the power source line VL, the potential 
applied to the anode terminal (the contact point N12) of the 
organic EL element OEL becomes higher than the potential 
(the ground potential) of the cathode terminal. 

Accordingly, a predetermined display drive current Ib 
flows in a forward bias direction in the organic EL element 
OEL via the thin film transistor Tr13 and the contact point 
N12 from the power source line VL, and the organic EL 
element OEL emits light. Here, the voltage component (the 
potential Vc between the both ends of the capacitor Cs) held 
in the capacitor Cs corresponds to a potential difference in the 
case where the writing current Ia corresponding to the grada 
tion current Idata is allowed to flow in the thin film transistor 
Tr13. For this reason, the display drive current Ib flowing in 
the organic EL element OEL has the same current value 
(Ibsla) as the above writing current Ia. 

Then, in the display pixel EM, the display drive current Ib 
is continuously supplied via the thin film transistorTr13 in the 
light emitting operation period Tem on the basis of the Voltage 
component corresponding to display data (the gradation cur 
rent Idata) written in the writing operation period Twirt, and as 
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a result, the organic EL element OEL continues an operation 
ofemitting light with aluminance gradation corresponding to 
the display data. 

In this manner, with respect to the display pixels EM (the 
display drive circuit DC1) according to the present embodi 
ment, the gradation current Idata having a designated current 
value corresponding to the display data (the luminance gra 
dation) is made to forcibly flow between the drain and the 
source of the drive transistor Tr13 in the writing operation 
period Twrt to control the display drive current Ib which is 
allowed to flow in the organic EL element (the light emitting 
element) OEL on the basis of the voltage component between 
the gate and the source of the drive transistor Tr13 held in 
accordance with the current value. As a consequence, a drive 
control method of a current gradation designation system for 
performing a light emitting operation with a predetermined 
luminance gradation can be applied. 

Furthermore, with respect to the display pixel EM accord 
ing to the present embodiment, it is possible to realize both a 
function (a current/voltage conversion function) of convert 
ing a current level of the gradation current Idata correspond 
ing to the display data to a Voltage level by means of a single 
display drive transistor (the thin film transistor Tr13) consti 
tuting the display drive circuit DC1 provided on each of the 
display pixels EM, and a function (a display drive function) of 
Supplying the display drive current DC Ib having a predeter 
mined current value to the organic EL element OEL. Accord 
ingly, stable desired light emitting characteristics can be real 
ized over a long period without being affected by a disparity 
in the operation characteristics of each transistor constituting 
the display drive circuit DC and the change with the lapse of 
time. 

<Display Drive Method of Display Apparatus.> 
Next, there will be explained a display drive method (an 

operation of displaying image information) in the display 
apparatus according to the present embodiment. 

FIG. 8 is a timing chart showing one example of the display 
drive method of the display apparatus according to the present 
invention. 

In the present embodiment, it is explained that the present 
embodiment has a configuration having twelve rows of 
(n=12; first to twelfth rows) display pixels arranged on the 
display panel, for the sake of explanation. 

In the figure, symbolk denotes a positive integer. Hatching 
portions shown by a cross mesh in each row in the figure 
represent respectively the writing operation period of display 
data described above. Hatching portion shown by dots repre 
sent respectively the light emitting operation period described 
above. 

In the display drive method of the display apparatus 100A 
according to the present embodiment, first, a non-light emit 
ting operation is performed for preventing a display operation 
of the display pixels EM (preventing a light emitting opera 
tion of the organic EL element) with respect to the display 
pixels EM (the display drive circuit DC1) for each row 
arranged in the display panel 110. Then, a writing operation is 
sequentially performed for each row for writing a gradation 
current Idata corresponding to display data at an arbitrary 
timing (just before the end of the non-light emitting operation 
period Tnem in the present embodiment) in the non-light 
emitting operation period Tnem followed by sequentially 
performing a light emitting operation with a predetermined 
luminance gradation corresponding to the display data, 
whereby image information is displayed in one screenportion 
of the display panel 110. Here, the operation timing is con 
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trolled in Such a manner that at least the writing operation 
periods Twrt in the respective rows are not mutually over 
lapped (in terms of time). 

Specifically, in the beginning, as shown in FIG. 8, in the 
non-light emitting operation periodTnem (denoted by outline 
typefaces in the drawing) in one frame period Tfr, a non 
selection level scanning signal Vsel is applied from the scan 
ning driver 120 to a scanning line SL in a specific row (for 
example, the i-th row: 1sis 12) of the display panel 110 to set 
the display pixels EM in the i-th row to a non-selection state. 
Furthermore, a state is set in which no gradation current Idata 
is supplied to each of the data lines DL from the data driver 
140 (a state in which the supply of the gradation current Idata 
is shut down). 

Then, in synchronization with this timing, a low level drive 
current (the second voltage) Visc (Vs) is applied to the power 
source line VL in the i-th row from the power source driver 
130, so that no potential difference is generated between the 
drain and the source of the display drive thin film transistor 
Tr13 in the display pixels EM in the i-th row as shown in FIG. 
6A. Consequently, the display drive current Ib does not flow 
in a direction of the organic EL element OEL via the thin film 
transistor Tr13, and the display pixels EM in the i-th row are 
set to a non-light emitting state (the non-light emitting opera 
tion is performed). 

Next, as shown in FIG. 8, in the writing operation period 
Twrt (denoted by a cross mesh in the drawing) set in the 
above-described non-light emitting operation period Tnem, 
as shown in FIG. 5, a selection level Scanning signal Vsel is 
applied from the scanning driver 120 to the scanning line SL 
in the i-th row of the display panel 110, so that the display 
pixels EM in the i-th row are set to a selection state. Further 
more, in the writing operation period Twirt, a low level drive 
voltage Vsc (=Vs) is applied to the power source line VL in 
the i-th row from the power source driver 130. 

Then, in Synchronization with this selection timing, a gra 
dation current Idata having a current value corresponding to 
display data in the i-th row is supplied to each data line DL 
from the data driver 140. As a result, as shown in FIG. 6B, a 
writing current Ia corresponding to the gradation current 
Idata flows in the display drive circuit DC of each display 
pixel EM in the i-th row, and a Voltage component corre 
sponding to the gradation current Idata is held (electric 
charges are accumulated) between the gate and the Source 
terminal (across the capacitor Cs) of each thin film transistor 
Tr13. 

Here, in the writing operation period Twirt, the writing 
operation is performed in the same manner as in the non-light 
emitting operation Tnem described above. That is, a low level 
drive voltage Vsc (=Vs) is applied to a power source line VL 
in an i-th row in which the writing operation is performed, 
whereby no potential difference is generated between the 
drain and the source of the display drive thin film transistor 
Tr13 in each of the display pixels EM. For this reason, no 
display drive current Ib flows in the direction of the organic 
EL element OEL via the thin film transistor Tr13, thereby 
setting the display pixels EM in the i-th row to a non-light 
emitting state (the non-light emitting operation is performed). 
The non-light emitting operation including the writing 

operation is sequentially performed with a shift of timing for 
each row with respect to the display pixels EM arranged on 
the display panel 110. In particular, the writing operations in 
the respective rows are sequentially performed Such that the 
operations are not overlapped in terms of time. 

Next, as shown in FIG. 8, in the light emitting operation 
(denoted by dot hatching in the drawing) as shown in FIG. 5, 
a non-selection level Scanning signal Vsel is applied from the 
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scanning driver 120 to the Scanning line SL in an i-th row in 
which the non-light emitting operation period Tnem has been 
terminated, whereby the display pixels EM in the i-th row are 
set to a non-selection state. Furthermore, the Supply of the 
gradation current Idata to each of the data lines DL from the 
data driver 140 is shut down. 

Then, in Synchronization with this timing, the high level 
drive voltage (the first voltage) Visc (=Vs) is applied to the 
power source line VL in the i-th row from the power source 
driver 130, so that, as shown in FIG. 7, a potential difference 
is generated between the drain and the source of the display 
drive thin film transistorTr13 in each of the display pixels EM 
in the i-th row. Consequently, the display drive current Ib 
corresponding to the display data (the gradation current Idata) 
is supplied to the organic EL element OEL on the basis of the 
Voltage component charged in each of the display pixels EM 
(between the gate and the source of the display drive thin film 
transistor Tr13), so that the light emitting operation is per 
formed with a predetermined luminance gradation. 

Such a light emitting operation is sequentially performed 
with a shift of timing for each of the display pixels EM in a 
row in which the writing operation (the non-light emitting 
operation including the writing operation) has been termi 
nated with respect to the display pixels EM arranged on the 
display panel 110. 

That is, with respect to a plurality of display pixels EM 
arranged in two dimensions on the display panel 110, a non 
light emitting operation period Tnem having a predetermined 
length is set in one frame period for each row. Therefore, a 
pseudo-impulse type display drive control can be realized 
wherein each of the display pixels EM performs a light emit 
ting operation with a luminance gradation corresponding to 
the display data (the gradation current Idata) only in one 
definite period out of the one frame period Tfr. Here, the 
length of the non-light emitting operation period or the light 
emitting operation period Tem set in the one frame period Tfr 
can be arbitrarily set with the power source control signal, the 
data control signal and the scanning control signal which are 
Supplied as timing control signals to the scanning driver 120, 
the power source driver 130, and the data driver 130 from the 
system controller 150, for example. 

Accordingly, in the timing chart shown in FIG. 8, a ratio of 
the non-display period (a black insertion ratio) by means of 
the above-described non-light emitting operation (including 
the writing operation) in the one frame period Tfr is set, for 
example, to 50%, so that the half of the image information 
(the display screen) displayed on the display panel 110 can be 
provided in the black display (non-display). Thus, in the 
human sense of vision, the black insertion ratio of approxi 
mately 30% or more which is required for clear visual recog 
nition of moving images without blurs and stains can be 
realized with the result that moving images can be displayed 
in a favorable display image quality. Incidentally, the black 
insertion ratio (the ratio of non-display period) in the one 
frame period Tfr is not limited to 50% which is described 
above, and an arbitrary value of the above-described 30% or 
more is desirable. However, a value of 30% or less is possible. 

Furthermore, in this case, the writing operation can be 
sequentially performed to the display images EM in all the 
rows (twelve rows) of the display panel 110 by using all the 
time of the one frame period Tfr, in the same manner as in the 
display drive method (refer to FIG. 17) shown in the prior art. 
Therefore, unlike the conventional display drive method 
shown in FIG. 27, the writing operation period Twrt in each 
row (which corresponds to the image data writing period in 
the prior art) is not shortened to realize the operation of 
writing blanking data and the black display operation, and 
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thus, the writing time of each row can be sufficiently secured. 
The deterioration of the display quality which results from the 
writing insufficiency of display data can be Suppressed, so 
that an appropriate gradation display corresponding to dis 
play data can be realized. 

Furthermore, this enables providing an allowance in the 
timing control of various kinds of signals, thereby making it 
possible to suppress the occurrence of an erroneous operation 
of the display apparatus. 

Incidentally, in the present embodiment, as shown in the 
timing chart of FIG. 8, there is explained, for the sake of 
explanation, a case in which the non-light emitting operation 
(the non-display operation) including the writing operation 
period is performed in one frame period Tfr followed by 
performing the light emitting operation (the display opera 
tion). The control operation is substantially the same even in 
the case where, a light emitting operation having a predeter 
mined length is performed after a writing operation which is 
not accompanied with the light emitting operation of the 
organic EL element OEL (the display operation of the display 
pixels EM) is performed, and then the non-light emitting 
operation is performed. 

Second Embodiment 

Next, there will be explained a second embodiment of the 
display apparatus according to the present embodiment and 
the display drive method thereof with reference to the draw 
1ngS. 

FIG. 9 is a schematic block diagram showing the second 
embodiment of the display apparatus according to the present 
invention. 

FIG. 10 is a structural diagram of a primary part, showing 
one example of a display panel applied to the display appa 
ratus according to the embodiment and a peripheral circuit 
thereof. 

FIG. 11 is a circuit structural diagram showing one 
example of a display pixel (a display drive circuit) which is 
applied to the display apparatus according to the embodi 
ment. 

Here, the same components as those of the first embodi 
ment (refer to FIGS. 1 to 3) described above are denoted by 
the same or equivalent reference numerals, and an explana 
tion thereof is simplified. 

In the above-described first embodiment, as shown in FIG. 
3, a circuit configuration comprising a plurality of single 
channel type thin film transistors is shown as a display drive 
circuit DC1 provided on each display pixel EM. In this case, 
there is explained that an amorphous silicon thin film transis 
tor which is easy in the manufacturing process and which is 
uniform in the element characteristics (an electron movement 
degree) can be applied. 

However, it is known that a change in threshold Voltage 
(Vth shift) resulting from the drive history is generally easily 
generated in the amorphous silicon thin film transistor. 
As a consequence, in the case where an amorphous silicon 

thin film transistoris applied as a Switching element (thin film 
transistor Tr13) for display drive, the current value of the 
display drive current Ib which is supplied to the organic EL 
element OEL owing to the change in threshold Voltage does 
not correspond to display data, and the light emitting opera 
tion (the display operation) cannot be performed with an 
appropriate luminance gradation. Consequently, there is a 
possibility that the deterioration of the display image quality 
is invited. 

Therefore, in the second embodiment, and the subsequent 
third and fourth embodiments, there is provided a configura 
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tion in which the voltage between the gate and the source (the 
potential Vc between the both ends of the capacitor Cs) of the 
display drive switching element (the thin film transistorTr13) 
of each display pixel EM is set to OV (no voltage) or a negative 
Voltage (a reverse bias Voltage) in the non-light emitting 
operation period (the non-display operation period) except 
for the time of the light emitting operation (the display opera 
tion) which results in the change in threshold Voltage in the 
one frame period Tfr described above to suppress the change 
in threshold voltage of the switching element. 
As shown in FIGS. 9 and 10, a display apparatus 100B 

according to the second embodiment, in the same manner as 
in the first embodiment, comprises a display panel 110, a 
scanning driver (a scanning drive unit) 120, a power source 
driver (a power source drive unit) 130, a data driver (a data 
drive unit) 140, a system controller (a drive control unit) 150, 
and a display signal generation circuit 160. The display panel 
110 has a plurality of display pixels EM arranged in two 
dimensions in row and column directions. The scanning 
driver 120 sequentially applies a selection level scanning 
signal Vsel to scanning lines SL of the display panel 110 to set 
display pixels EM for each row to a selection state. The power 
source driver 130 sequentially applies a drive voltage Vsc to 
power Source lines VL arranged in parallel to the scanning 
lines SL in each row. The data driver 140 supplies a gradation 
signal (a gradation current Idata) corresponding to display 
data to the display pixels EM via data lines DL. The system 
controller 150 generates and outputs a scanning control sig 
nal, a power Source control signal, a reverse bias control 
signal and a data control signal for performing a predeter 
mined image display operation in the display panel 110. The 
display signal generation circuit 160 generates display data 
(luminance gradation data) and Supplies the data to the data 
driver 140 on the basis of a picture image supplied from the 
outside. Furthermore, the configuration thereof comprises a 
reverse bias driver (a state setting unit) 170 for applying a bias 
signal (a set signal) Vbs having a predetermined Voltage level 
to the display pixels EM in each row. The display signal 
generation circuit 160 generates display data (luminance gra 
dation data) and outputs the display data to the data driver 
140, and also supplies to the system controller 150 a timing 
signal for displaying predetermined image information to the 
display panel 110. 

With respect to the display pixels EM in each row, the 
reverse bias driver 170 applies the bias signal Vbs to the bias 
line BL of the row only in a specific period in the non-light 
emitting operation period Tnem on the basis of the bias con 
trol signal supplied from the system controller 150. Then, the 
reverse bias driver 170 sets to a no-electric field state or a 
reverse bias State (a specific bias State) a display drive Switch 
ing element provided on each display pixel EM (a display 
drive circuit DC2) in the non-light emitting operation period 
Tnem except for the writing operation period Twrt (by apply 
ing OV (no Voltage), or a reverse bias Voltage between the gate 
and the source of the thin film transistor Tr13). 

Here, as shown in, for example, FIG. 10, the reverse bias 
driver 170 comprises a known shift register 171 and an output 
circuit unit 172, as in the scanning driver 120 and the power 
source driver 130 described above. The shift register 171 
sequentially outputs a shift signal corresponding to the bias 
line BL in each row on the basis of the clock signal BCK and 
the start signal BST supplied from the system controller 150 
as the bias control signals. The output circuit unit 172 con 
verts the shift signal to a predetermined voltage level to output 
the shift signal to each bias line BL as the bias signal Vbs on 
the basis of the output control signal BOE supplied as a bias 
control signal. 
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The system controller 150 generates and outputs the bias 
control signal to the reverse bias driver 170 as a timing control 
signal for controlling the operation state to operate at a pre 
determined timing the reverse bias driver 170 in addition to 
the scanning driver 120, the power source driver 130 and the 
data driver 140 shown in the first embodiment. Consequently, 
a control (a display drive control of the display apparatus 
described later) is performed for generating a scanning signal 
Vsel and a drive Voltage Vsc having a predetermined Voltage 
level, a gradation signal (a gradation current Idata) corre 
sponding to the display data and a bias signal Vbs to output 
them to the display panel 110 and for continuously perform 
ing a drive control operation (a non-light emitting operation, 
a reverse bias setting operation, a writing operation and a light 
emitting operation) in each display pixel EM to display pre 
determined image information based on a image signal on the 
display panel 110. 

Furthermore, as shown in, for example, FIG. 11, in the 
same manner as the configuration shown in the above-de 
scribed first embodiment, the display pixel EM arranged on 
the display panel 110 according to the present embodiment 
comprises a display drive circuit DC2 and an organic EL 
element (a light emitting element) OEL. The display drive 
circuit DC2 fetches a gradation signal (a gradation current 
Idata) corresponding to display data and generates a display 
drive current. The organic EL element OEL performs a light 
emitting operation with a predetermined luminance gradation 
on the basis of the display drive current. In particular, the 
display drive circuit DC2 which is applied to the display 
pixels EM according to the present embodiment specifically 
has a configuration which comprises a thin film transistor (a 
bias control circuit, a fourth switching circuit) Tr14 in addi 
tion to the thin film transistor Tr11 to Tr13 and the capacitor 
Cs shown in the first embodiment. The thin film transistor 
Tr14 has a gate terminal (a control terminal) connected with 
the bias line BL and has a drainterminal and a source terminal 
(one and the other end of the conduction channel) respec 
tively connected with the Scanning line SL and the contact 
point N11. 

Here, as described above, the thin film transistors Tr11 to 
Tr14 are constituted by applying amorphous silicon thin film 
transistors, which are simple to manufacture and uniform in 
the element characteristics (an electron movement degree or 
the like). 

Next, there will be explained the drive control method of 
the display pixel which is applied to the display panel accord 
ing to the present embodiment. 

FIG. 12 is a timing chart showing the drive control method 
(the reverse bias setting operation, the non-light emitting 
operation, the writing operation and the light emitting opera 
tion) in the display pixels applied to the display apparatus 
according to the present embodiment. 

FIGS. 13A and 13B are conceptual diagrams showing the 
reverse bias setting operation and the non-light emitting 
operation in the display pixels (the display drive circuit) 
according to the present embodiment. 

FIGS. 14A and 14B are conceptual diagrams showing the 
writing operation and the light emitting operation in the dis 
play pixels (the display drive circuit) according to the present 
embodiment. 

Here, an explanation on the drive control operation which 
is the same as the first embodiment described above is omit 
ted. As shown in FIG. 12, the drive control operation in the 
display pixels EM (the display drive circuit DC2) according 
to the present embodiment is set to include a non-light emit 
ting operation period (a non-display operation period) Tnem, 
a reverse bias setting period Tbs, a writing operation period 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
Twrt, and a light emitting operation period (a display opera 
tion period) Tem in a predetermined one process cycle period 
Tcyc (for example, one frame period Tfr). In the non-light 
emitting operation period Tnem, the Supply of the drive cur 
rent Visc to the display pixels EM (the display drive circuit 
DC2) is shut down (a low level drive voltage (a second volt 
age) Visc is supplied), whereby the supply of the display drive 
current Visc to the organic EL element OEL is shut down to 
prevent the light emitting operation. The reverse bias setting 
period TbS is performed in the non-light emitting operation 
period Tnem. In the reverse bias setting period Tbs, the bias 
signal Vbs is applied via the bias line BL to discharge electric 
charges held (resides) between the gate and the source (in the 
capacitor Cs) of the display drive thin film transistor Tr13 
provided on the display drive circuit DC2, whereby a no 
electric field state or a reverse bias state is set in which OV (no 
Voltage) or a reverse bias Voltage is applied. The writing 
operation period Twrt is performed in the non-light emitting 
operation period Tnem. In the writing operation period Twirt, 
the display pixels EM connected with the scanning line SL are 
set to a selection state to supply a gradation current Idata 
having a current value corresponding to display data, 
whereby the Voltage component corresponding to the display 
data is held in between the gate and the source (in the capaci 
tor Cs) of the display drive thin film transistor Tr13 provided 
on the display drive circuit DC2. In the light emitting opera 
tion period Tem, the display drive current Ib having a current 
value corresponding to the display data is allowed to flow in 
the organic EL element OEL on the basis of the voltage 
component held in between the gate and the source of the thin 
film transistor Tr13 in the writing operation period Twirt, 
thereby performing a light emitting operation with a prede 
termined luminance gradation (TcycleTem+Tnem, 
TnemeTbs+Twrt). 

Here, as shown in FIG. 12, the reverse bias setting period 
Tbs and the writing operation period Twrt set in the non-light 
emitting operation period Tnem may be set at the start time 
and the termination time of the non-light emitting operation 
period Tnem. Alternatively, the reverse bias setting period 
Tbs and the writing operation period Twrt may be set so that 
the reverse bias setting operation and the writing operation 
are performed at an arbitrary timing (in the midst of the 
non-light emitting operation period) of the non-light emitting 
operation period. 

(Non-Light Emitting Operation Period) 
First, in the non-light emitting operation period Tnem, as 

shown in FIGS. 12 and 13A, the display pixels EM is set to a 
non-selection state by applying a non-selection level scan 
ning signal Vsel to the scanning line SL from the scanning 
driver 120 while a low level drive voltage (a first voltage) Visc 
is applied to the power source line VL from the power source 
driver 130. Furthermore, no gradation current Idata is Sup 
plied to the data line DL from the data driver 140. 

Consequently, the thin film transistor Tr11 and Tr12 pro 
vided on the display drive circuit DC2 are set to an OFF state. 
Thus, there is established a state in which an electric connec 
tion between the gate terminal (the contact point N11; one end 
side of the capacitor Cs) of the thin film transistor Tr13 and 
the power source line VL is shut down while an electric 
connection between the Source terminal (the contact point 
N12; the other end side of the capacitor Cs) of the thin film 
transistor Tr13 and the data line DL is also shut down. Inci 
dentally, in the other period in the non-light emitting opera 
tion period Tnem than the reverse bias setting period Tbs 
described later, a low level bias signal Vsb is applied to the 
bias line BL from the reverse bias driver 170, so that the thin 
film transistor Tr14 is set to an OFF state. As a consequence, 
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an electric connection between the gate terminal (the contact 
point N11; one end side of the capacitor Cs) of the thin film 
transistor Tr13 and the scanning line SL is set to a shut-down 
State. 

Here, in the same manner as in the non-display operation 
period shown in the first embodiment described above, the 
drive control operation in each display pixel is repeatedly 
performed by using one process cycle period Tcyc (one frame 
period Tfr) as one cycle. Therefore, there is provided a state in 
which a Voltage component written based on the display data 
in one process cycle period prior to the one process cycle 
period by one period is held in between the source and the 
gate (in the capacitor Cs) of the thin film transistor Tr13 at the 
start time of the above-described non-light emitting operation 
period Tnem, and the thin film transistor Tr13 is set to an ON 
State. 

For this reason, a low level (not more than the ground 
potential GND) drive voltage Vsc (Vs) which has been 
applied to the power source line VL is applied to the anode 
terminal (the contact point N12) of the organic EL element 
OEL via the thin film transistorTr13, whereby a potential not 
more than the same level is set with respect to the potential 
Vcom (the ground potential GND) of the cathode terminal. 
Consequently, a reverse bias Voltage is applied to the organic 
EL element OEL, so that no display drive current flows in the 
organic EL element OEL and the light emitting operation is 
not performed (non-light emitting operation). 

(Reverse Bias Setting Period) 
Next, in the reverse bias setting period Tbs set in the above 

described non-light emitting operation period Tnem, a high 
level bias signal Vbs is applied to the bias line BL from the 
reverse bias driver 170, as shown in FIGS. 12 and 13A. 

Accordingly, the thin film transistor Tr14 provided on the 
display drive circuit DC2 performs an ON operation, thereby 
setting to a state in which a Voltage level of the scanning 
signal Vsel set to the non-selection level (Vsn) is applied to 
the gate terminal (the contact point N11; one end side of the 
capacitor Cs) of the thin film transistor Tr13. Consequently, a 
potential difference is generated between the voltage level 
based on the above-described non-selection level scanning 
signal Vsel (VSn) and the contact point N12. 

Here, as described above, the voltage component written 
based on the display data in one process cycle period prior to 
the process cycle period by one period is held in the capacitor 
Cs at the start time of the non-light emitting operation period 
Tnem, and the thin film transistor Tr13 is set to an ON state. 
Consequently, in the case where, as shown in FIG. 12, the 
reverse bias setting operation is performed at the start time of 
the non-light emitting operation period Tnem, the drive Volt 
age Vsc (=Vs) applied to the power source line VL is applied 
to the contact point N12 (the other end of the capacitor Cs) via 
the thin film transistor Tr13. 

Accordingly, a difference (Vsn-Vs) between the non-se 
lection level scanning signal Vsel (VSn) and the low level 
drive voltage Vsc (Vs) is applied to and held in between the 
gate and the source (the both ends of the capacitor Cs) of the 
thin film transistor Tr13 (refer to the potential Vc between the 
both ends of the capacitor Cs in FIGS. 12 and 13B). Here, at 
least the Voltage level of the non-selection level scanning 
signal Vsel is set to a level equal to or lower than the low level 
drive voltage Vsc (=Vs), whereby the potential difference (the 
voltage Vc between the both ends of the capacitor Cs) applied 
to between the gate and the source of the thin film transistor 
Tr13 can be set to OV (no-electric field state) or a reverse bias 
State. 

Incidentally, in the case where the reverse bias setting 
operation is performed at the start time of the non-light emit 
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ting operation period Tnem, the above-described reverse bias 
voltage (Vsn-Vs) is held in between the gate and the source 
(the both ends of the capacitor Cs) of the thin film transistor 
Tr13, and the no-electric field state or the reverse bias state is 
continuously held in the non-light emitting operation period 
Tnem. 
As a consequence, the thin film transistor Tr13 is controlled 

so as to performan OFF operation without fail. Therefore, the 
potential applied to the anode terminal (the contact point 
N12) of the organic EL element OEL is set to a level equal to 
or Smaller than the potential Vcom (the ground potential 
GND) of the cathode terminal, and the reverse bias voltage is 
applied to the organic EL element, so that no display drive 
current flows in the organic EL element OEL and the light 
emitting operation is not performed (non-light emitting 
operation. 

(Writing Operation Period) 
Next, in the writing operation period Twrt set in the above 

described non-light emitting operation period Tnem, as 
shown in FIGS. 12 and 14A, a selection level scanning signal 
Vsel is applied to the scanning line SL from the scanning 
driver 120 to set the display pixels EM in a selection state 
while a gradation current Idata having a current value (with a 
negative polarity) corresponding to display data is Supplied to 
the data lines DL from the data driver 140 in synchronization 
with this selection timing. Furthermore, in the writing opera 
tion period Twirt, a low level drive voltage (a second voltage) 
Vsc (Va) is applied to the power source line VL from the 
power source driver 130, and a low level bias signal Vbs is 
applied to the bias line BL from the reverse bias driver 170, in 
the same manner as in the non-light emitting operation period 
Them described above. 
As a consequence, the thin film transistorTr14 provided on 

the display drive circuit DC2 is set to an OFF state, whereby 
an electric connection between the gate terminal (the contact 
point N11; one end side of the capacitor Cs) of the thin film 
transistorTr13 and the scanning line SL is set to a shut-down 
state. In addition, the thin film transistors Tr11 to Tr13 per 
form an ON operation in the same manner as in the writing 
operation period shown in the above-described first embodi 
ment, so that a writing current Ia corresponding to the grada 
tion current Idata flows in the direction of the data driver 140 
via the thin film transistor Tr13, the contact point N12, the 
thin film transistorTr12 and the data line DL from the power 
source line VL. 

Accordingly, electric charges corresponding to the poten 
tial difference generated by the writing current Ia are accu 
mulated between the gate and the source (the both ends of the 
capacitor Cs) of the thin film transistor Tr13 and are held as a 
voltage component Vdata (refer to the potential Vc between 
the both ends of the capacitor Cs in FIG. 12). In addition, a 
reverse bias Voltage is applied to the organic EL element OEL 
at this time, so that no display drive current flows and the light 
emitting operation is not performed (the non-light emitting 
operation). 

(Light Emitting Operation Period) 
Next, in the writing operation period Twirt, or in the light 

emitting operation period Tem after the termination of the 
non-light emitting operation period Tnem including the writ 
ing operation period Twirt, as shown in FIGS. 12 and 14B, a 
low level scanning signal Vsel is applied to the Scanning line 
SL from the scanning driver 120 to set the display pixels EM 
to a non-selection state while the Supply of the gradation 
current Idata from the data driver 140 is shut down in syn 
chronization with this non-selection timing, and an operation 
of drawing in the gradation current Idata is suspended, in the 
same manner as in the non-light emitting operation period 
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Tnem. Furthermore, in the same manner as in the non-light 
emitting operation period Tnem, a low level bias signal Vbs is 
applied to the bias line BL from the reverse bias driver 170. In 
this writing operation period Twirt, on the other hand, a high 
level drive voltage (a first voltage) Visc (Ve) is applied to the 
power source line VL from the power source driver 130. 
As a consequence, the thin film transistors Tr11, Tr12 and 

Tr14 provided on the display drive circuit DC2 perform an 
OFF operation, so that the electric charges (the voltage com 
ponent Vdata) accumulated in the above-described writing 
operation period Twrtare held in the capacitor Cs, and the thin 
film transistorTr13 maintains an ON operation. Furthermore, 
when a high level drive voltage Vsc (Ve) is applied to the 
power source line VL, the potential of the anode terminal (the 
contact point N12) of the organic EL element OEL becomes 
higher than the potential (the ground potential) of the cathode 
terminal. 

Consequently, a predetermined display drive current Ib 
(sla) flows in the forward bias direction in the organic EL 
element OEL via the thin film transistorTr13 and the contact 
point N12 from the power source line VL. In the light emitting 
operation period Tem, the organic EL element OEL continues 
an operation of emitting light with a luminance gradation 
corresponding to the display data (the gradation current 
Idata). 

Here, there will be specifically explained an effect of 
change suppression of the threshold voltage (a Vth shift 
amount Suppression effect) by means of a display pixel (a 
display drive circuit) having the circuit configuration 
described above and a display drive control method thereof. 

FIG. 15 is a graph showing an experiment result showing a 
change amount (a Vth shift amount) of the threshold voltage 
in the case where the switching element (the thin film tran 
sistor) for display drive is set to a reverse bias state in the 
display pixels according to the present embodiment. Here, 
there is shown one example of a result of measurement in 
which a change tendency in the change amount of the thresh 
old voltage is measured with respect to the lapse of time in the 
case where an n-channel type amorphous silicon thin film 
transistor applied as the display drive Switching element is 
continuously allowed to perform an ON operation (denoted 
by dot lines in the drawing), and in the case where the switch 
ing element is set to a reverse bias state only in /s of the drive 
operation period (denoted by Solid lines in the drawing). 
As shown in FIG. 15, in the case where a forward bias 

Voltage is continuously applied to the thin film transistor, 
there is shown a tendency of remarkable increase (of about 
2V with a lapse of 250 hours) in the change amount (the Vith 
shift amount) of the threshold voltage with the lapse of time (a 
horizontal axis), as shown by dot lines in the drawing. In 
contrast, in the case where a reverse bias Voltage is applied to 
the thin film transistor for a definite time, it has been made 
clear that there is shown a tendency Such that the change 
amount of the threshold Voltage is largely suppressed (about 
0.6V with a lapse of 250 hours) with respect to the lapse of 
time (a horizontal axis), as shown by solid lines in the figure. 

It is considered that such an effect of change Suppression of 
the threshold voltage (the Vth shift amount suppression 
effect) is brought about by the discharge of electric charges 
trapped in a nitride film by introducing electric charges into 
the nitride film constituting a gate insulation film in a rela 
tively shallow area with the setting of a reverse bias state in a 
definite period during a drive operation period and by Sup 
pressing the introduction of the electric charges into the deep 
area and being set to a reverse bias state in an element struc 
ture of an amorphous silicon thin film transistor. 
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Consequently, even if the amorphous silicon thin film tran 

sistor is applied as the display drive Switching element pro 
vided on each display pixel EM (the display drive circuit 
DC2), the change (Vth shift) in threshold value by the drive 
history can be suppressed. Accordingly, the display drive 
current Ib having a current value corresponding to the display 
data can be supplied to the organic EL element OEL and a 
light emitting operation (a display operation) can be per 
formed with an appropriate luminance gradation, thereby 
enabling the improvement in a display image quality. 

<Display Drive Method of Display Apparatus.> 
Next there will be explained a display drive method (an 

operation of displaying image information) in the display 
apparatus according to the present embodiment. 

FIG. 16 is a timing chart showing one example of the 
display drive method of the display apparatus according to the 
present invention. Here, an explanation on a control method 
which is the same as the first embodiment described above is 
simplified. Furthermore, the hatching portions shown by 
slanted lines in each row in FIG. 16 respectively show the 
reverse bias period of the display data described above. 

In the display drive method of the display apparatus 100B 
according to the present embodiment, a non-light emitting 
operation of preventing the display operation of the display 
pixels EM (preventing the light emitting operation of the 
organic EL element OEL) is first performed with respect to 
the display pixels EM (the display drive circuit DC2) for each 
row arranged on the display panel 110. Then, a reverse bias 
setting operation is sequentially performed for applying a 
reverse bias Voltage to the display drive Switching element 
(the thin film transistor Tr13) provided on each of the display 
pixels EM (the display drive circuit DC2) at an arbitrary 
timing (at the same time as the start of the non-light emitting 
operation period Tnem in the present embodiment) in the 
non-light emitting operation period Tnem. Thereafter, at an 
arbitrary timing (at the time of the termination of the non-light 
emitting operation period Tnem in the present embodiment) 
in the non-light emitting operation period Tnem, the writing 
operation of writing the gradation current Idata correspond 
ing to display data is sequentially performed for each row. 
Subsequently, the light emitting operation is sequentially per 
formed with a predetermined luminance gradation corre 
sponding to the display data, whereby image information in 
one screenportion of the display panel 110 is displayed. Here, 
the operation timing is controlled so that at least the writing 
operation periods Twrt in the respective rows are not mutually 
overlapped (in terms of time). 

Specifically, in the beginning, as shown in FIG. 16, in the 
reverse bias setting periodTbs (denoted by slanted lines in the 
drawing) set in Synchronization with the start timing of the 
non-light emitting operation period Tnem in one frame period 
Tfr, a non-selection level scanning signal Vsel is applied to 
the scanning line SL in a specific row (for example, i-th row: 
1sis 12) of the display panel 110, so that the display pixels 
EM in the i-throw are set to a non-selection state, as shown in 
FIG. 12. 

In synchronization with this timing, a low level drive volt 
age Vsc (Vs) is applied to the power source line VL in the 
i-th row while applying a bias signal Vbs to the bias line BL 
in the i-th row. Consequently, as shown in FIG. 13B, a reverse 
bias voltage is applied to between the drain and the source of 
the display drive thin film transistorTr13 in the display pixels 
EM in the i-th row (a reverse bias setting operation). Thus, the 
thin film transistor Tr13 performs an OFF operation, so that 
no display drive current Ib flows in the direction of the organic 
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EL element OEL and the display pixels EM in the i-th row are 
set to a non-light emitting state (the non-light emitting opera 
tion is performed). 

Furthermore, in the non-light emitting operation period 
Tnem (denoted by outline typefaces in the drawing) after the 
termination of the reverse bias setting period Tbs, a reverse 
bias Voltage applied to between the drain and the source of the 
thin film transistor Tr13 is held in the reverse bias setting 
operation described above. Consequently, the thin film tran 
sistor Tr13 holds an OFF state, no display drive current Ib 
flows in the direction of the organic EL element OEL, and the 
display pixels EM in the i-th row continues the non-light 
emitting state (the non-light emitting operation is performed). 

Next, as shown in FIG. 16, in the writing operation period 
Twrt (denoted by a cross mesh in the drawing) set in Synchro 
nization with the termination timing of the above-described 
non-light emitting operation period Tnem, a selection level 
scanning signal Vsel is applied to the scanning line SL in an 
i-th row, whereby the display pixels EM in the i-th row are set 
to a selection state, as shown in FIG. 12. Furthermore, a low 
level drive voltage Vsc (Vs) is applied to the power source 
line VL of the i-th row. 

Then, in Synchronization with this selection timing, a gra 
dation current Idata having a current value corresponding to 
display data in the i-th row is supplied to each of the data lines 
DL. As a consequence, as shown in FIG. 14A, a Voltage 
component corresponding to the gradation current Idata is 
held (electric charges are accumulated) between the gate and 
the source (the both ends of the capacitor Cs) of the thin film 
transistor Tr13 of each of the display pixels EM (the display 
drive circuit DC2) in the i-th row. 
The non-light emitting operation including such a writing 

operation is sequentially performed with a shift of timing for 
each row with respect to the display pixels EM arranged on 
the display panel 110. In particular, the writing operations for 
the respective rows are sequentially performed in Such a 
manner that the writing operations are not mutually over 
lapped in terms of time. 

Next, as shown in FIG. 16, in the light emitting operation 
(denoted by a dot hatching in the drawing), the display pixels 
EM in an i-th row are set to a non-selection state while the 
Supply of the gradation current Idata to each of the data lines 
DL is shut down, as shown in FIG. 16. 

Then, in Synchronization with this timing, a high level 
drive voltage Vsc (Ve) is applied to the power source line VL 
in the i-th row. As a result, as shown in FIG. 14B, the display 
drive current Ib corresponding to the display data (the grada 
tion current Idata) is supplied to the organic EL element OEL 
via the thin film transistor Tr13 on the basis of the voltage 
component charged in each of the display pixels EM (be 
tween the gate and the source of the display drive thin film 
transistor Tr13), so that a light emitting operation is per 
formed with a predetermined luminance gradation. 

Such a light emitting operation is sequentially performed 
with a shift of timing for each of the display pixels EM in a 
row with which the writing operation (or the non-light emit 
ting operation including the writing operation) described 
above is performed with respect to the display pixels EM 
arranged on the display panel 110. 

That is, with respect to the plurality of display pixels EM 
arranged in two dimensions on the display panel 110, the 
non-light emitting operation period Tnem having a predeter 
mined length is set in one frame period Tfr for each row. 
Therefore, a pseudo-impulse type display drive control can be 
realized wherein each of the display pixels EM performs a 
light emitting operation with a luminance gradation corre 
sponding to the display data (the gradation current Idata) only 
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in a definite period out of the one frame period Tfr. Conse 
quently, moving images can be clearly displayed without 
blurs and stains. 

In this case, in the same manner as the display drive method 
(refer to FIG. 26) shown in the prior art, the writing operation 
is sequentially performed with respect to the display pixels 
EM in all the rows (twelve rows) of the display panel 110 by 
using the whole time of the one frame period Tfr. Accord 
ingly, the writing operation period Twrt is not shortened in 
each row and the writing time can be sufficiently secured. In 
addition, an appropriate gradation display corresponding to 
the display data is realized by Suppressing a deterioration of 
the display quality resulting from the writing insufficiency of 
the display data. 

Moreover, in the non-light emitting operation period 
Tnem, a reverse bias Voltage is applied to the Switching ele 
ment (the thin film transistor Tr13) for display drive provided 
on each of the display pixels EM, so that the switching ele 
ment can be set to a reverse bias state. Consequently, even in 
the case where an amorphous silicon thin film transistor is 
applied as the above-described Switching element, the change 
(Vth shift) in threshold voltage is largely suppressed, and the 
organic EL element OEL is allowed to perform a light emit 
ting operation with an appropriate luminance gradation cor 
responding to the display data. 

Third Embodiment 

Next, there will be explained a display apparatus according 
to a third embodiment and a display drive method thereof 
with reference to the drawings. 

FIG. 17 is a structural diagram of a primary part, showing 
one example of a display panel applied to the display appa 
ratus according to the third embodiment. 

FIG. 18 is a structural diagram of a primary part, showing 
one example of a peripheral circuit of the display panel 
applied to the display apparatus according to the third 
embodiment. 

In the same manner as in the case of the second embodi 
ment, the third embodiment has a configuration in which a 
Voltage between a gate and a source of a display drive Switch 
ing element of each display pixel EM is set to OV (no voltage) 
or a negative Voltage (a reverse bias Voltage) to suppress the 
change in threshold Voltage of the Switching element in a 
non-light emitting operation period (a non-display operation 
period) other than a light emitting operation (a display opera 
tion) in one frame period. 
As shown in FIGS. 17 and 18, the display apparatus 100C 

according to the third embodiment, in the same manner as in 
the second embodiment, is configured to comprise a display 
panel 110, a scanning driver (a scanning drive unit) 120, a 
power source driver (a power source drive unit) 130, a reverse 
bias driver (a state setting unit) 170, and a data driver (a data 
drive unit) 140. The display panel 110 has a plurality of 
display pixels EM arranged thereon in row and column direc 
tions. The scanning driver 120 sequentially sets the display 
pixels EM for each row to a selection state by sequentially 
applying a selection level scanning signal Vsel to scanning 
lines SL of the display panel 110. The power source driver 
130 is connected with a plurality of power source lines VL 
arranged in parallel with the Scanning lines SL in each row, 
and the lines are divided into groups for each of arbitrary 
plural rows in advance. The power source driver 130 sequen 
tially applies a drive Voltage Vscatapredetermined timing for 
each group to the power source lines VL in rows included in 
the group. The reverse bias driver 170 is connected with a 
plurality of reverse bias lines BL arranged in parallel with the 
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scanning lines SL in each row. The reverse bias driver 170 
applies a reverse bias setting signal (a setting signal) Vbs at a 
predetermined timing to the reverse bias lines (the bias signal 
lines) BL in rows included in the group for each of the groups 
divided for each of the above-described plural rows, thereby 
sequentially setting the display pixels for each row to a 
reverse bias state (a specific bias state). The data driver 140 
Supplies a gradation signal (a gradation current Idata) corre 
sponding to display data to the display pixels EM via each of 
the data lines DL. 

FIG. 19 is a structural diagram of a primary part, showing 
another example of the display panel applied to the display 
apparatus according to the present embodiment, and the 
peripheral circuit thereof (the scanning driver, the power 
source driver, and the reverse bias driver). 

That is, another example of the display panel 110 and the 
peripheral circuit thereof (the scanning driver 120, the power 
source driver 130, and the reverse bias driver 170), as shown 
in FIG. 19, is configured in such a manner that individual 
scanning lines SL, power source lines VL and reverse bias 
lines BL are respectively arranged with respect to the display 
pixels EM in each row of the display panel 110, and that 
individual scanning signals Vsel, drive Voltages Visc and 
reverse bias setting signals Vbs are applied for each row from 
the scanning driver 120, the power source driver 130 and the 
reverse bias driver 170, respectively. 

Here, with respect to the power source driver 130, a con 
figuration can be applied wherein the drive Voltages Visc 
having the same Voltage level are simultaneously applied to 
the individual power source lines VL in rows included in the 
same group in an output circuit unit 132 on the basis of shift 
signals sequentially outputted from a shift register 131 in 
correspondence to the power Source lines VL in rows, as 
shown in, for example, FIG. 19, such that the drive voltages 
Vsc having the same Voltage level can be simultaneously 
applied to the power source lines VL in rows included in the 
Same group. 

Also with respect to the reverse bias driver 170, a configu 
ration can be applied wherein the reverse bias setting signals 
Vbs having the same Voltage level are simultaneously applied 
to the individual reverse bias lines BL in rows included in the 
same group in an output circuit unit 142 on the basis of shift 
signals sequentially outputted from a shift register 141 in 
correspondence to the reverse bias lines BL in rows, as shown 
in, for example, FIG. 19, such that the reverse bias setting 
signals Vbs having the same Voltage level can be simulta 
neously applied to the reverse bias lines BL in rows included 
in the same group. 

<Display Drive Method of Display Apparatus.> 
Next, there will be explained the display drive method of 

the display apparatus according to the third embodiment. 
FIG. 20 is a timing chart showing one example of the 

display drive method of the display apparatus according to the 
present embodiment. 

Incidentally, in the present embodiment, it is explained, for 
the sake of explanation, that there is provided a configuration 
in which twelve rows (n=12; first to twelfth rows) of display 
pixels are conveniently arranged on the display panel. Fur 
thermore, in the figure, symbolk denotes a positive integer, 
and the hatching portions shown by Slanted lines of each row 
in the figure respectively denote the reverse bias setting 
period of the display data described above. The hatching 
portions shown by cross meshes respectively denote the writ 
ing operation period of the display data described above, and 
the hatching portions shown by dots respectively denote the 
light emitting operation period described above. 
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In a display drive method of a display apparatus 100C 

according to the present embodiment, in the beginning, a 
non-light emitting operation (a non-display operation) of pre 
venting the display operation of the display pixels EM (pre 
venting the light emitting operation of the organic EL element 
OEL) is performed for each of the display pixels EM in 
plurality rows divided into groups in advance with respect to 
the display pixels EM (the display drive circuit DC) for each 
row arranged on the display panel 100. Then, a writing opera 
tion of writing a gradation current Idata corresponding to 
display data is sequentially performed for each row at an 
arbitrary timing (at the time of the termination of the non-light 
emitting operation period Tnem in the present embodiment) 
in the non-light emitting operation period Tnem. Thereafter, 
each of the display pixels EM in a plurality of rows in each 
group is allowed to simultaneously perform a light emitting 
operation with a predetermined luminance gradation corre 
sponding to display data (a gradation current), so that image 
information in one screen portion of the display panel 110 is 
displayed. 

Specifically, in the beginning, all the display pixels EM 
arranged on the display panel 110 are divided into groups in 
advance for each of plurality rows. For example, as shown in 
FIG. 20, the display pixels EM in the twelve rows constituting 
the display panel 110 are divided into four groups by respec 
tively setting three rows of display pixels EM as one set, such 
as the mutually adjacent first to third rows; the fourth to sixth 
rows; the seventh to ninthrows; and the tenth to twelfth rows. 

Then, in the non-light emitting operation period (the non 
display operation period) Tnem (denoted by outline typefaces 
in the drawing) in one frame period Tfr, a low level drive 
voltage (a second voltage) Visc (=Vs) is applied from the 
power source driver 130 to the power source lines VL in plural 
rows included in the same group of the display panel 110. 
Thereby, as in FIGS. 12 and 13A described above, no poten 
tial difference is generated between the drain and the source 
of the display drive thin film transistor Tr13 in the display 
pixels EM in all the rows included in the group. Consequently, 
no display drive current Ib flows in the organic EL element 
OEL via the thin film transistor Tr13, so that all the display 
pixels EM in the group are set to a non-light emitting state (the 
non-light emitting operation is performed). 

Here, in the non-light emitting operation period Tnem 
except for the writing operation period described above, a 
non-selection level scanning signal Vsel is applied from the 
scanning driver 120 with respect to the scanning line SL in all 
the rows included in the group which performs the non-light 
emitting operation while the display pixels EM are set to a 
state in which no gradation current Idata is Supplied to each of 
the data lines DL from the data driver 140 (a state in which the 
Supply of the gradation current Idata is shut down). 

Then, in the reverse bias setting period Tbs (denoted by 
Slanted lines in the drawing) set at an arbitrary timing in the 
non-light emitting operation period Tnem (in Synchroniza 
tion with the start timing of the non-light emitting operation 
period Tnem in the present embodiment), a reverse bias set 
ting signal Vbs is applied from the reverse bias driver 170 to 
the reverse bias lines BL in all the rows included in the group 
which performs the non-light emitting operation in the same 
manner as shown in FIGS. 12 and 13B described above. As a 
consequence, a reverse bias Voltage is applied to between the 
gate and the source of the display drive thin film transistor 
Tr13 in each of the display pixels EM included in the group (a 
reverse bias setting operation), so that the thin film transistor 
Tr13 performs an OFF operation. 

In the non-light emitting operation period Tnem (denoted 
by outline typefaces in the drawing) after the termination of 
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the reverse bias setting period Tbs, the reverse bias voltage 
applied to between the gate and the source of the thin film 
transistor Tr13 is held by the reverse bias setting operation 
described above, whereby the thin film transistor Tr13 holds 
an OFF State. 

Next, as shown in FIG. 20, in the writing operation period 
Twrt (denoted by cross meshes in the drawing) set at an 
arbitrary timing after an elapse of a definite time in the reverse 
bias state by the above-described reverse bias setting opera 
tion in the non-light emitting operation period Tnem, the 
display pixels EM in each row are sequentially set to a selec 
tion state by sequentially applying the selection level scan 
ning signal Vsel to the scanning lines SL in each row of the 
display panel 110 from the scanning driver 120, in the same 
manner as shown in FIGS. 12 and 14A described above. 

Then, in Synchronization with this selection timing, a gra 
dation current Idata having a current value corresponding to 
display data in each row from the data driver 140 is supplied 
to each of the data lines DL. Thereby, a writing current Ia 
corresponding to the gradation current Idata flows in the 
display drive circuit DC of each of the display drive pixels EM 
in the row in the same manner as shown in FIG. 14A described 
above, so that a Voltage component (Vdata) corresponding to 
the gradation current Idata is held in between the gate and the 
source (the both ends of the capacitor Cs) of each thin film 
transistor Tr13. 

Such a writing operation period Twrt is sequentially per 
formed with a shift of timing with respect to the display pixels 
EM arranged on the display panel 110 such that the writing 
operation periods are not overlapped in terms of time for each 
row. Here, in the writing operation period Twirt, while the 
display pixels EM in rows included in the same group are set 
to a selection state, a low level drive voltage Vsc (Vs) is 
applied from the power source driver 130 to the power source 
lines VL in all the rows in the same group, whereby a reverse 
bias voltage is applied to the organic EL element OEL. Con 
sequently, no current flows in the organic EL element OEL 
from the display drive circuit DC, and all the display pixels 
EM in the group are set to a non-light emitting state (the 
non-light emitting operation is performed). 

Next, as shown in FIG. 20, in the light emitting operation 
(the display operation period) Tem (denoted by dot hatching 
in the drawing), a non-selection level Scanning signal Vsel is 
applied from the Scanning driver 120 to the Scanning lines SL 
in rows included in the same group in the same manner as 
shown in FIGS. 12 and 14B described above. As a conse 
quence, all the display pixels EM in the group are set to a 
non-selection state while the Supply of the gradation current 
Idata to each of the data lines DL from the data driver 140 is 
shut down. 

Then, in Synchronization with this timing, a high level 
drive voltage (a first voltage) Visc (Ve) is applied from the 
power source driver 130 to the power source lines VL in rows 
included in the group. Consequently, a display drive current 
Ib corresponding to the display data (the gradation current 
Idata) is supplied to the organic EL element OEL on the basis 
of the Voltage component held in each of the display pixels 
EM (between the gate and the source of the display drive thin 
film transistor Tr13) of the group in the same manner as 
shown in FIG. 14B described above. Thus, the light emitting 
operation is performed with a predetermined luminance gra 
dation. 

Such a light emitting operation is simultaneously started 
with respect to the display pixels EM in all the rows included 
in the same group in Synchronization with the timing of the 
termination of the above-described writing operation (imme 
diately after the termination thereof) with respect to the dis 
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play pixels EM in all the rows of the group, and the light 
emitting operation is continuously performed until the timing 
of the start of the next non-light emitting operation (including 
the reverse bias setting operation) with respect to the respec 
tive rows of the group. 

That is, like the present embodiment, the non-light emit 
ting operation and the reverse bias setting operation are 
simultaneously performed with respect to the display pixels 
EM in each row in the group in which the display pixels EM 
in the first to third rows are set to one set. Thereafter, after the 
writing operation is performed in order up to the display 
pixels EM in the first row to those in the third row, the display 
pixels EM in each row simultaneously perform the light emit 
ting operation. This light emitting operation continues until 
the timing of the start of the non-light emitting operation and 
the reverse bias setting operation in the next one frame period 
Tfr with respect to the display pixels EM in the first to third 
rows included in the group. 

Hereinafter, the same operation is performed sequentially 
with a shift of timing in Such a manner that the writing 
operations in respective rows are not overlapped in terms of 
time with respect to respective groups in which the display 
pixels EM in the fourth to sixth rows, the display pixels EM in 
the seventh to ninth rows and the display pixels EM in the 
tenth to twelfth rows are set to one set. 

Accordingly, in Such a display drive method of the display 
apparatus, the non-light emitting operation period Tnem hav 
ing a predetermined length is set to one frame period Tfr for 
each group in which the display pixels in plural rows are set to 
one set. As a consequence, a pseudo-impulse type display 
drive control can be realized wherein each of the display 
pixels EM performs a light emitting operation with a lumi 
nance gradation corresponding to the display data (the gra 
dation current Idata) for a definite period out of one frame 
period Tfr. 

Incidentally, the execution timing and the execution time 
(length) of the non-light emitting operation, the reverse bias 
setting period Tbs, the writing operation period Twirt, and the 
light emitting operation period Tem which are executed in one 
frame period Tfr can be arbitrarily set with the scanning 
control signal, the power source control signal, the reverse 
bias control signal and the data control signal which are 
Supplied as the timing control signals to the scanning driver 
120, the power source driver 130, the reverse bias driver 170, 
and the data driver 140 from the system controller 150. 

Here, in the timing chart shown in FIG. 20, a control is 
made in such a manner that the display pixels EM in twelve 
rows constituting the display panel 110 are divided into four 
groups, whereby the non-light emitting operation (including 
the reverse bias setting operation) and the light emitting 
operation are simultaneously performed at timings different 
for each of the groups. Consequently, a ratio of the non 
display period (a black insertion ratio) by the above-described 
non-light emitting operation in one frame period Tfr is set to 
approximately 50%, so that a half of image information (a 
display screen) displayed on the display panel 110 can be 
provided as a black display (no display). 

In order to allow clear recognition of moving images with 
out blurs and stains with a human sense of vision, a black 
insertion ratio of about 30% or more is generally preferable. 
Consequently, according to the present embodiment, it is 
possible to realize a display apparatus which can display 
moving images of good display quality. Incidentally, the 
black insertion ratio (the ratio of the non-display period) in 
one frame period Tfr is not limited to 50% described above. 
The black insertion ratio can be arbitrarily set depending on 
the number of groups. In particular, it is desired that the black 
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insertion ratio is not less than 30% described above, but a 
value of 30% or less is also possible. 

Further, in the present embodiment, as shown in FIG. 20. 
there is explained a case in which the writing operation is 
sequentially performed with respect to the display pixels EM 
in all the rows (twelve rows) of the display panel 110 by using 
a majority of time (two thirds of period in one frame period 
Tfr in FIG. 20) of one frame period Tfr. Even if the period in 
which the reverse bias state is held is set to a relatively short 
time of one frame period Tfr (for example, one fifth of one 
frame period Tfr), the change in threshold voltage (the Vith 
shift amount) in the switching element (the thin film transistor 
Tr13) for display drive provided on each of the display pixels 
EM can be largely suppressed. As a result, the writing opera 
tion can be sequentially performed with respect to the display 
pixels EM in all the rows of the display panel 110 by using a 
majority of time of one frame period Tfr. 

In this case, like the display drive method shown in FIG.27, 
the writing operation period Twrt (corresponding to the image 
data writing period in the prior art) in each row is not largely 
shortened in order to realize the writing operation of blanking 
data and the black display operation, the writing time of each 
row can be sufficiently secured, and an appropriate gradation 
display corresponding to display data can be realized by 
Suppressing the deterioration of the display quality resulting 
from the writing insufficiency of the display data. In addition, 
this enables providing an allowance in the timing control of 
various kinds of signals, whereby the generation of an erro 
neous operation of the display apparatus can be suppressed. 

Moreover, a reverse bias State can be set by applying a 
reverse bias voltage to the switching element (the thin film 
transistor Tr13) for display drive provided on each of the 
display pixels EM in the non-light emitting operation period 
Tnem. Consequently, even in the case where an amorphous 
silicon thin film transistor is applied as the above-described 
Switching element, the organic EL element OEL can perform 
a light emitting operation with an appropriate luminance gra 
dation corresponding to display data by largely Suppressing 
the change in threshold voltage (the Vth shift amount). 

In addition, in the present embodiment, the voltage level of 
the drive voltage Vsc is set for each group in order to control 
the light emitting operation and the non-light emitting opera 
tion. Thus, as shown in FIGS. 17 and 18, a single drive voltage 
Vsc is output for each group, and the drive Voltage Vsc can be 
simultaneously applied to the display pixels EM in each row 
via the power source lines VL branched and arranged in the 
group. Furthermore, in order to Suppress the change in thresh 
old voltage of the switching element (the thin film transistor 
Tr13) for display drive provided on each of the display pixels 
EM, the application state (application and shutdown) of the 
reverse bias setting signal Visc is set for each group. There 
fore, as shown in FIGS. 17 and 18, a single reverse bias setting 
signal Vbs is output for each group, so that the reverse bias 
setting signal Vbs can be simultaneously applied to the dis 
play pixels EM in each row via the reverse bias lines BL 
branched and arranged in the group. 

Accordingly, at least, the number of connection terminals 
for transmitting the drive voltage Vsc between the display 
panel 110 and the power source driver 130 and the number of 
connection terminals for transmitting the reverse bias setting 
signal Vbs between the display panel 110 and the reverse bias 
driver 170 can be set to the number (four in the present 
embodiment) corresponding to the number of groups set in 
the display panel 110. Consequently, the number of connec 
tion terminals can be largely decreased as compared with the 
case in which the connection terminals are provided for the 
power source lines VL and the reverse bias lines BL of each 
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row while a circuit configuration of the power source driver 
130 and the reverse bias driver 170 can be simplified. 

Incidentally, in the present embodiment, as shown in the 
timing chart shown in FIG. 20, there is explained, for the sake 
of explanation, a case in which the light emitting operation 
(the display operation) is performed after the non-light emit 
ting operation (non-display operation) including the reverse 
bias setting period and the writing operation period are per 
formed in one frame period Tfr. The control operation is 
Substantially the same, for example, even if the light emitting 
operation having a predetermined length is performed after 
the writing operation which is not accompanied by the light 
emitting operation of the organic EL element OEL (the dis 
play operation of the display pixels EM) is performed, and 
thereafter, the non-light emitting operation including the 
reverse bias setting operation is performed. 

Next, there will be explained a second example of the 
display drive method which can be applied to the display 
apparatus according to the present embodiment with refer 
ence to the drawings. 

FIG. 21 is a timing chart showing a second example of the 
display drive method of the display apparatus according to the 
present embodiment. 

Here, an explanation on the display drive method which is 
the same as the above-described first example (refer to FIG. 
20) described above will be simplified. 

In the second example of the display drive method of the 
display apparatus 100C according to the present embodi 
ment, the following operation is performed in one frame 
period Tfr. That is, a plurality of display pixels EM which are 
arranged on the display panel 110 and which are not mutually 
adjacent (continuous) to one another are divided into groups 
as one set, the above-described non-light emitting operation 
(including the reverse bias setting operation) and light emit 
ting operation are simultaneously performed with respect to 
the display pixels EM for each group, and an operation is 
performed for sequentially performing the above-described 
writing operation with a shift of timing with respect to the 
display pixels EM for each row. 

Specifically, as shown in, for example, FIG. 21, the display 
pixels EM in twelve rows constituting the display panel 110 
are divided into four groups by setting three rows of display 
pixels EM respectively to one set, i.e. such as a set of the first, 
fifth and ninth rows; a set of the second, sixth and tenth rows; 
a set of the third, seventh and eleventh rows; and a set of the 
fourth, eighth and twelfth rows. For example, in the group in 
which the display pixels in the first, fifth and ninth rows are set 
as one set, the non-light emitting operation and the reverse 
bias setting operation are performed with respect to the dis 
play pixels EM in all the rows included in the group. There 
after, the above-described writing operation is performed 
with respect to the display pixels EM in order of the first row, 
the fifth row and the ninth row. After the writing operation is 
completed with respect to the display pixels EM in the ninth 
row, the display pixels EM in all the rows of the first, fifth and 
ninth rows included in the group simultaneously perform the 
light emitting operation. This light emitting operation contin 
ues with respect to the display pixels EM in the first, fifth and 
ninth rows until the timing of performing the non-light emit 
ting operation (including the reverse bias setting operation) in 
the next frame period. 

Furthermore, at the timing of the completion of the writing 
operation with respect to the display pixels EM in the ninth 
row, the non-light emitting operation and the reverse bias 
setting operation, or the light emitting operation are/is simul 
taneously performed at a predetermined timing in Such a 
manner that the above-described writing operation is per 
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formed with respect to the display pixels EM in an order of the 
second row, the sixth row and the tenth row in a group in 
which the display pixels EM in the second, sixth and tenth 
rows are set to one set. Hereinafter, the same operation is 
repeatedly performed in a group in which the third, seventh 
and eleventh rows are set as one set and in a group in which the 
fourth, eighth and twelfth rows are set as one set. 

5 

Consequently, even with such a display drive method of the 
display apparatus, a pseudo-impulse type display drive con 
trol, in the same manner as in the display drive method 
according to the first example described above, can be real 
ized wherein the light emitting operation is performed with a 
luminance gradation corresponding to display data only in a 
definite period in one frame period Tfr for each group while 
the non-light emitting operation (including the reverse bias 
setting operation and the writing operation) is performed in a 
period except for the light emitting operation. Here, in the 
present display drive method as well, a ratio of the non 
display period (a black insertion ratio) by the non-light emit 
ting operation can be set to 30% or more, whereby a display 
apparatus can be realized wherein the clarity is improved by 
Suppressing the blurs and stains of the moving images. 
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Further, for each of the rows included in each of the groups, 25 
the switching element (the thin film transistor Tr13) for dis 
play drive provided on each of the display pixels EM can be 
set to a reverse bias state. Accordingly, the large change in 
threshold voltage (the Vth shift amount) which is generated 
resulting from the drive history can be largely suppressed in 
an amorphous silicon thin film transistor applied to the 
Switching element, and the organic EL element OEL is 
allowed to perform the light emitting operation with an appro 
priate luminance gradation corresponding to display data. 
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Moreover, in this case as well, the timing of the writing 
operation is appropriately set by the system controller 150, 
whereby the writing operation can be sequentially performed 
with respect to the display pixels EM in all the rows (twelve 
rows) of the display panel 110 by using a majority of time of 
one frame period Tfr. Consequently, the writing time of each 
row can be sufficiently secured, and the deterioration of the 
display quality resulting from the writing insufficiency of 

4 display data is Suppressed, thereby enabling realizing an 
appropriate gradation display corresponding to the display 
data. 

In addition, the voltage level of the drive voltage Vsc and 
the application state of the reverse bias setting signal Vbs are 
set for each of groups in order to control the light emitting 
operation and the non-light emitting operation as well as the 
reverse bias setting operation. Therefore, the number of con 
nection terminals between the display panel 110 and the 
power source driver 130, and the number of connection ter 
minals between the display panel 110 and the reverse bias 
driver 170 are decreased to the number corresponding to the 
number of the above-described groups (four in the present 
embodiment), thereby enabling simplification of the circuit 
configuration of the power source driver 130 and the reverse 
bias driver 170. 

Incidentally, in the display drive methods according to the 
first and second examples described above, there will be 
explained a case in which the display pixels EM constituting 
the display panels 110 are divided into four groups by setting 
three rows to one set. However, the present invention is not 
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limited thereto. It goes without saying that the number of the 
groups can be set by appropriately increasing and decreasing 
the number thereof. 

Fourth Embodiment 

Next, there will be explained a display apparatus according 
to a fourth embodiment and a display drive method thereof 
with reference to the drawings. 

<Display Apparatus 
FIG. 22 is a structural diagram of a primary part, showing 

one example of a display panel which is applied to the display 
apparatus according to the fourth embodiment and a periph 
eral circuit thereof. 

Here, the same components as those in the third embodi 
ment described above are denoted by the same or similar 
symbols, and an explanation thereof is simplified. 

In the same manner as in the second and third embodi 
ments, the present embodiment has a configuration in which 
a Voltage between a gate and a source of a display drive 
switching element of each display pixel EM is set to OV (no 
Voltage) or a negative Voltage (a reverse bias Voltage) in the 
non-light emitting operation period (the non-display opera 
tion period) except for the time of the light emitting operation 
(the display operation) in one frame period to Suppress the 
change in threshold Voltage of the Switching element. 
As shown in FIG. 22, a display apparatus 100D according 

to the present invention, in the same manner as in the first 
embodiment described above, has a configuration which 
comprises a display panel 110, a scanning driver 120, a power 
source driver 130, a reverse bias driver 170, a data driver 140, 
a system controller 150, and a display signal generation cir 
cuit 160. On the display panel 110, a plurality of display 
pixels EM arranged in two dimensions are divided into 
groups for each of arbitrary plural rows. The Scanning driver 
120 is connected with scanning lines SL in each row of the 
display panel 110. The power source driver 130 is connected 
with power source lines VL in each row. The reverse bias 
driver 170 is connected with reverse bias lines BL in each row. 
The data driver 140 is connected with data lines DL in each 
column. The system controller 150 outputs a timing control 
signal (a scanning control signal, a power source control 
signal, a reverse bias control signal and a data control signal) 
to the respective drivers described above. The display signal 

5 generation circuit 160 generates display data (luminance gra 
dation data) and supplies the data to the data driver 140. In 
particular, the present embodiment has a configuration in 
which a single power Source line VL is branched and arranged 
so as to correspond to the display pixels EM in each row for 
each of the above-described groups, and further, individual 
reverse bias lines BL are arranged so as to correspond to the 
display pixels EM in each of the rows included in each of the 
groups. 

That is, in the same manner as in the third embodiment 
described above, the power source driver 130 is configured to 
sequentially output for each group a single drive Voltage Vsc 
corresponding to the power source lines VL in a plurality of 
rows in each group while the reverse bias driver 170 is con 
figured to sequentially output for each row individual reverse 
bias setting signal Vbs corresponding to the reverse bias lines 
BL in the plurality of rows included in each row, as in the 
above-described scanning driver 120. 
As a consequence, a drive Voltage Vsc having a predeter 

mined Voltage level is simultaneously applied for each group 
from the power source driver 130 with respect to the power 
Source lines VL in the rows included in each group. Accord 
ingly, in the case where a low level drive Voltage (a second 
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voltage) Visc (=Vs) is applied, the display pixels EM in all the 
rows in the group are simultaneously set to a light emitting 
state. On the other hand, in the case where a high level drive 
voltage (a first voltage) Visc (Ve) is applied, the display 
pixels in all the rows of the group are simultaneously set to a 
light emitting state (a gradation display state). 

Furthermore, a reverse bias setting signal Vbs is sequen 
tially applied for each row from the reverse bias driver 170 to 
the reverse bias lines BL in each of the rows included in each 
group. Consequently, in the same manner as in the case in 
which the display pixels in each row are sequentially set to a 
selection state with the scanning signal Vsel output from the 
scanning driver 120, the display pixels EM in each row are 
sequentially set to a reverse bias state. 

<Display Drive Method of Display Apparatus.> 
Next, there will be explained a display drive method (an 

operation of displaying image information) in the display 
apparatus according to the present embodiment. 

FIG. 23 is a timing chart showing a first example of the 
display drive method of the display apparatus according to the 
fourth embodiment. Here, the drive control method of the 
display pixels shown in the above-described first embodiment 
will be appropriately explained with reference to the draw 
ings. In addition, an explanation on the same display drive 
method as that of the third embodiment described above is 
simplified. 

In the first example of the display drive method of the 
display apparatus 100D according to the present embodi 
ment, the following operation is performed in one frame 
period Tfr. That is, the display pixels EM in a plurality of 
mutually adjacent (continuous) rows arranged on the display 
panel 110 are divided into groups as one set, the above 
described non-light emitting operation and light emitting 
operation are simultaneously performed with respect to the 
display pixels EM for each group, and the above-described 
reverse bias setting operation and writing operation are 
sequentially performed with a shift of timing with respect to 
the display pixels EM for each row. 

Specifically, in the beginning, all the display pixels EM 
arranged on the display panel 110 are divided into groups in 
advance for each of plural rows in the same manner as in the 
first example according to the third embodiment described 
above. For example, as shown in FIG. 23, the display pixels 
EM in twelve rows constituting the display panel 110 are 
divided into four groups by setting respectively three rows of 
display pixels EM as one set, Such as mutually adjacent (con 
tinuous) first to third rows; fourth to sixth rows; and tenth to 
twelfth rows. 

Then, in the non-light emitting operation period Tnem 
(denoted by outlined typefaces in the drawing) in one frame 
period Tfr, a single low level drive voltage Vsc (Vs) is 
applied from the power source driver 130 to the power source 
lines VL in plural rows included in the same group of the 
display panel 110 via the power source line VL branched and 
arranged. Thereby, all the display pixels EM in the group are 
simultaneously set to a non-light emitting state (the non-light 
emitting operation is performed). 

In the reverse bias setting period Tbs (denoted by slanted 
lines in the drawing) set at an arbitrary timing in this non-light 
emitting operation period Tnem (in Synchronization with the 
start timing of the non-light emitting operation period Tnem 
in this embodiment), a reverse bias setting signal Vbs is 
applied with a shift of timing in order from the first row to the 
individually arranged reverse bias line BL for each row from 
the reverse bias driver 170. Consequently, a reverse bias volt 
age is applied to between the gate and the Source of the 
display drive thin film transistor Tr13 provided on the display 
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pixels EM in each row, thereby sequentially setting the dis 
play pixels EM to a reverse bias state. The reverse bias state 
set for each row is continued untila Voltage component Vdata 
corresponding to display data (a gradation current Idata) is 
held in between the gate and the source of the thin film 
transistorTr13 provided on the display pixels EM in each row 
in the writing operation described later. 

Next, in the writing operation period Twrt (denoted by 
cross meshes in the drawing) set at an arbitrary timing after 
the termination of the reverse bias setting operation in each of 
the rows included in each group in the above-described non 
light emitting operation period Tnem, a selection level scan 
ning signal Vsel is sequentially set in order from the first row 
to the scanning line SL in each row from the scanning driver 
120 to sequentially set the display pixels EM in each row to a 
selection state. In synchronization with this selection timing, 
the gradation current Idata having a current value correspond 
ing to display data in each row is Supplied from the data driver 
140 to the data lines DL in each column, so that the writing 
operation is performed for holding the Voltage component 
Vdata corresponding to the gradation current Idata in 
between the gate and the source of the display driver thin film 
transistor Tr13 provided on each of the display pixels EM in 
the row. 

Subsequently, in the light emitting operation period Tem 
(denoted by a dot hatching in the drawing), a single high level 
drive voltage Vsc (Ve) is applied from the power source 
driver 130 to the power source line VL branched and arranged 
in each of the rows included in a group with which the writing 
operation in each of the rows is terminated, whereby all the 
display pixels EM in the group are simultaneously set to a 
light emitting state (the light emitting operation is per 
formed). The light emitting operation which is performed for 
each of the groups is continued until the next non-light emit 
ting operation (including the reverse bias operation) is started 
with respect to each row of the group. 

Hereinafter, the same operation is performed with respect 
to each of the groups in which the fourth to sixth rows, the 
seventh to ninth rows and the tenth to twelfth rows of the 
display pixels EM are respectively set to one set in such a 
manner that the above-described reverse bias setting opera 
tion and writing operation are sequentially performed with a 
shift of timing (are not overlapped in terms of time) with 
respect to each row of the display panel 110. As a conse 
quence, image information in one screen portion of the dis 
play panel 110 is displayed. 

Accordingly, since a pseudo-impulse type display drive 
control can be realized with such a display drive method of the 
display device in the same manner as in the display drive 
method according to the above-described first embodiment, a 
display apparatus can be realized in which the blurs and stains 
of moving images are suppressed and the clarity thereof is 
improved. 

Furthermore, the period in which the reverse bias state set 
between the reverse bias setting period and the writing opera 
tion is held by individually performing the reverse setting 
operation and the writing operation for each row can be set to 
be definite for intervals between the rows. Consequently, the 
suppression amount of the change (Vth shift) in threshold 
voltage in the switching element (the thin film transistorTr13) 
for display drive provided on each display pixel EM is made 
to be uniform, and a more favorable display image quality can 
be realized by allowing the organic EL element OEL to per 
form a light emitting operation (a display operation) with an 
appropriate gradation corresponding to display data. 
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Next, there will be explained a second example of the 
display drive method which can be applied to the display 
apparatus according to the present embodiment with refer 
ence to the drawings. 

FIG. 24 is a timing chart showing the second example of 
the display drive method of the display apparatus according to 
the present embodiment. Here, an explanation on the display 
drive method same as that of the above-described first 
example (refer to FIG. 23) will be simplified. 

In the second example of the display drive method of the 
display apparatus 100D according to the present embodi 
ment, the following operation is performed in one frame 
period Tfr. That is, the display pixels EM in a plurality of rows 
which are arranged on the display panel 110 and which are not 
mutually adjacent (continuous) to one another are divided 
into groups, the above-described non-light emitting operation 
and light emitting operation are simultaneously performed 
with respect to the display pixels EM for each group, and the 
above-described bias setting operation and writing operation 
are sequentially performed with a shift of timing with respect 
to the display pixels EM for each row. 

Specifically, as shown in, for example, FIG. 24, the display 
pixels EM arranged on the display panel 110 are divided into 
four groups by setting three rows of display pixels EM to one 
set as seen in mutually not adjacent (not continuous) rows 
such as: the first, fifth and ninth rows; the second, sixth and 
tenth rows; the third, seventh and eleventh rows; and the 
fourth, eighth and twelfth rows. 

Then, for example, in a group in which the first, fifth and 
ninth rows of the display pixels EM are set as one set, the 
non-light emitting operation is simultaneously performed 
with respect to the display pixels EM in all the rows included 
in the group, and then, the reverse bias setting operation is 
performed with respect to the display pixels EM in an order of 
the first row, the fifth row and the tenth row. Thereafter, the 
writing operation is performed with respect to the first row, 
the fifth row and the tenth row and the writing operation is 
completed with respect to the display pixels EM in the ninth 
row, and then, the display pixels EM in all the rows of the first, 
fifth and tenth rows included in the group simultaneously 
perform the light emitting operation. This light emitting 
operation continues until the timing at which the non-light 
emitting operation is performed in the next frame period with 
respect to the display pixels EM in the first, fifth and ninth 
OWS. 

Furthermore, at a timing at which the reverse bias setting 
operation is completed with respect to the display pixels EM 
in the ninth row described above, the non-light emitting 
operation is simultaneously performed in the group in which 
the display pixels in the second, sixth and tenth rows are set to 
one set, and the reverse bias setting operation is performed 
with respect to the display pixels EM in an order of the second 
row, the fifth row and the tenth row. At the timing at which the 
writing operation is completed with respect to the display 
pixels EM in the ninth row described above, the non-light 
emitting operation, the reverse bias setting operation and the 
writing operation are performed at a predetermined timing in 
Such a manner that the writing operation is performed with 
respect to the display pixels EM in an order of the second row, 
the sixth row and the tenth row in the group in which the 
display pixels EM in the second, sixth and tenth rows are set 
to one set. Hereinafter, the same operation is repeatedly per 
formed in the group in which the third, seventh and eleventh 
rows are set to one setas well as the group in which the fourth, 
eighth and twelfth rows are set to one set. 

Therefore, with such a display drive method of the display 
apparatus, a pseudo-impulse type display drive control is 
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realized in the same manner as in the display drive method 
according to the first example described above, so that the 
blurs and stains of moving images can be suppressed. In the 
meantime, the period of holding the reverse bias State 
between respective rows is set, whereby the suppression 
amount of the change (Vth shift) in threshold voltage in the 
switching element (the thin film transistor Tr13) for display 
drive provided on each of the display pixels EM can be made 
uniform. 
What is claimed is: 
1. A display apparatus for displaying image information 

corresponding to display data, comprising: 
a display panel including a plurality of display pixels 

arranged thereon in vicinities of respective intersections 
of a plurality of Scanning lines arranged in a row direc 
tion and a plurality of data lines arranged in a column 
direction; 

a plurality of bias lines provided on the display panel along 
the Scanning lines, respectively; 

a scanning drive unit which sequentially applies a scanning 
signal to each of said plurality of scanning lines and sets 
the display pixels corresponding to each said scanning 
line to a selection state; 

a data drive unit which generates a gradation signal corre 
sponding to the display data and Supplies the gradation 
signal to the display pixels set to the selection state; 

a power Source drive unit which Supplies to the display 
pixels a drive Voltage for controlling a drive state of each 
of the display pixels; 

a state setting unit; and 
a drive control unit which controls the power source drive 

unit to operate to set the display pixels to a non-display 
operation state during a non-display period in which the 
display pixels do not display the display data, and con 
trols the scanning drive unit to operate to set the display 
pixels to the selection state during the non-display 
period, 

wherein each of the plurality of display pixels comprises an 
optical element and a display drive circuit which con 
trols an operation of the optical element, the display 
drive circuit comprising an electric charge accumulation 
circuit which holds a Voltage component corresponding 
to the gradation signal, a Supply control circuit which 
generates a drive current having a predetermined current 
value based on the Voltage component held in the elec 
tric charge accumulation circuit, and which Supplies the 
drive current to the optical element, and a writing control 
circuit which controls a Supply state of electric charges, 
based on the gradation signal, to the electric charge 
accumulation circuit, and 

wherein the State setting unit eliminates a bias State set 
corresponding to the display databased on the gradation 
signal to the display drive circuit of the display pixels in 
each row, generates a setting signal for setting a specific 
bias State, applies the setting signal to each of the bias 
lines, and applies the setting signal to the display pixels 
for each row of the display panel. 

2. A drive control method of controlling a display apparatus 
to display image information corresponding to display data, 
wherein the display apparatus comprises a display panel 
including a plurality of display pixels arranged thereon in 
vicinities of intersections of a plurality of scanning lines 
arranged in a row direction and a plurality of data lines 
arranged in a column direction, and each of the plurality of 
display pixels has an optical element and a display drive 
circuit which controls an operation of the optical element, the 
method comprising: 
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sequentially setting the display pixels to a selection state, 
row by row: 

sequentially supplying a gradation signal corresponding to 
the display data to the display pixels in each row set to 
the selection state; 

setting each of the display pixels to a display operation 
state with said display pixels in a bias state correspond 
ing to the gradation signal; and 

in a non-display period including a period in which the 
display pixels are set to a selection state, setting the 
display pixels to a non-display operation state in which 
the display data is not displayed, 

wherein the setting the display pixels to the display opera 
tion state is performed by applying to the display drive 
circuit a first Voltage for setting the optical element to a 
forward bias State, and by holding a Voltage component 
corresponding to the gradation signal in the display drive 
circuit, and 

wherein the setting of each display pixel to the non-display 
operation state comprises setting a specific bias State by 
eliminating the bias State set, corresponding to the gra 
dation signal, to the display drive circuit of the display 
pixel. 

3. A display apparatus for displaying image information 
corresponding to display data, comprising: 

a display panel including a plurality of display pixels 
arranged thereon in vicinities of respective intersections 
of a plurality of Scanning lines arranged in a row direc 
tion and a plurality of data lines arranged in a column 
direction; 

a scanning drive unit which sequentially applies a scanning 
signal to each of said plurality of scanning lines and sets 
the display pixels corresponding to each said scanning 
line to a selection state; 

a data drive unit which generates a gradation signal corre 
sponding to the display data and Supplies the gradation 
signal to the display pixels set to the selection state; 

a power source drive unit which Supplies to the display 
pixels a drive Voltage for controlling a drive state of each 
of the display pixels; and 

a drive control unit which sets a period including a select 
period in which the scanning drive unit sets the display 
pixels to the selection state as a non-display period in 
which the display pixels do not display the display data, 
and controls a Voltage value of the drive Voltage Supplied 
from the power source drive unit to set the display pixels 
to a non-display operation state during the non-display 
period, 

wherein each of the plurality of display pixels has an opti 
cal element and a display drive circuit which controls an 
operation of the optical element, the display drive circuit 
having a first Switch circuit including a control terminal 
and a conduction channel having a first end and a second 
end, the drive voltage being applied to the first end of the 
conduction channel, a first end of the optical element 
being connected to the second end of the conduction 
channel, and a second end of the optical element being 
set to a given potential. 

4. The display apparatus according to claim3, wherein the 
power source drive unit selectively supplies, as the drive 
Voltage, a first Voltage for setting the display pixels to a 
display operation state in a bias state corresponding to the 
gradation signal, and a second Voltage for setting the display 
pixels to the non-display operation state. 

5. The display apparatus according to claim 4, wherein the 
drive control unit controls the power source drive unit to 
Supply the first Voltage as the drive Voltage in a display period 
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in which the display pixels display the display data, and to 
Supply the second Voltage as the drive Voltage in the non 
display period. 

6. The display apparatus according to claim 3, further 
comprising: 

a plurality of bias lines provided on the display panel along 
the Scanning lines, respectively; and 

a state setting unit which eliminates a bias State set corre 
sponding to the display data based on the gradation 
signal to the display drive circuit of the display pixels in 
each row, generates a setting signal for setting a specific 
bias State, applies the setting signal to each of the plu 
rality of bias lines, and applies the setting signal to the 
display pixels for each row of the display panel. 

7. The display apparatus according to claim 6, wherein the 
drive control unit controls the state setting unit to Supply the 
setting signal to the bias lines corresponding to the display 
pixels during a portion of the non-display period. 

8. The display apparatus according to claim 6, wherein 
each of the display pixels comprises: 

an electric charge accumulation circuit which holds a Volt 
age component corresponding to the gradation signal; 

a Supply control circuit which generates a drive current 
having a predetermined current value based on the Volt 
age component held in the electric charge accumulation 
circuit, and which supplies the drive current to the opti 
cal element; and 

a writing control circuit which controls a Supply state of 
electric charges, based on the gradation signal, to the 
electric charge accumulation circuit, 

wherein the supply control circuit includes the first switch 
circuit and is configured to supply the drive current to the 
optical element via the conduction channel, and wherein 
the electric charge accumulation circuit is connected to 
the control terminal of the first switch circuit. 

9. The display apparatus according to claim 8, wherein the 
optical element comprises a light emitting element which 
performs a light emitting operation at a luminance corre 
sponding to a value of the drive current applied thereto. 

10. The display apparatus according to claim 9, wherein the 
data drive unit comprises a circuit which generates, as the 
gradation signal, a gradation current having a current value to 
cause the light emitting element to perform a light emitting 
operation with a luminance gradation corresponding to the 
display data. 

11. The display apparatus according to claim 9, wherein the 
light emitting element comprises an organic electrolumines 
cent element. 

12. The display apparatus according to claim 8, wherein the 
display panel includes a plurality of power source lines cor 
responding respectively to rows of the display panel, and the 
drive Voltage is Supplied to the power source lines, and 

wherein the first end of the conduction channel of the first 
switch circuit of each of the display pixels is connected 
to one of the power source lines. 

13. The display apparatus according to claim 12, wherein 
the writing control circuit of each of the display pixels com 
prises: 

a conduction channel having a first end connected with one 
of the data lines and a second end connected with the 
control terminal of the first switch circuit of the supply 
control circuit via the electric charge accumulation cir 
cuit; and 

a control terminal connected with one of the scanning lines. 
14. The display apparatus according to claim 8, wherein the 

display drive circuit further comprises a bias control circuit 
which discharges electric charges accumulated in the electric 
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charge accumulation circuit, and applies one of no voltage 
and a reverse bias Voltage to the Supply control circuit. 

15. The display apparatus according to claim 14, wherein 
the bias control circuit comprises: 

a conduction channel having a first end connected with one 
of the scanning lines and a second end connected with 
the control terminal of the first switch circuit of the 
Supply control circuit; and 

a control terminal connected with one of the bias lines. 
16. The display apparatus according to claim 14, wherein 

the display drive circuit comprises: 
a second Switch circuit including a control terminal con 

nected with one of the Scanning lines, and a conduction 
channel having a first end to which the drive Voltage is 
applied and a second end to which a control terminal of 
the first switch circuit is connected; 

a third Switch circuit including a control terminal con 
nected with one of the Scanning lines, and a conduction 
channel having a first end to which one of the data lines 
is connected and a second end to which a connection 
contact point is connected; 

a capacitance element connected between the control ter 
minal of the first Switch circuit and the connection con 
tact point; and 

a fourth Switch circuit including a control terminal con 
nected with one of the bias lines, and a conduction 
channel having a first end connected with one of the 
Scanning lines and a second end connected with the 
control terminal of the first Switch circuit, 

wherein the bias control circuit comprises the fourth switch 
circuit, and 

wherein the electric charge accumulation circuit comprises 
the capacitance element. 

17. The display apparatus according to claim 16, wherein 
each of the first through fourth switch circuits comprises an 
amorphous silicon thin film transistor. 

18. The display apparatus according to claim 4, wherein 
said plurality of image pixels of the display panel are divided 
into a plurality of groups each including a plurality of rows, 
and 

wherein the drive control unit controls the power source 
drive unit to supply the first voltage to the display pixels 
for each said group as the drive Voltage in a display 
period for operating the display pixels to display the 
display data, and, within each said group, simulta 
neously sets the display pixels to a display operation 
State. 

19. The display apparatus according to claim 18, wherein 
the plurality of rows of each said group comprises a plurality 
of adjacent rows. 

20. The display apparatus according to claim 18, wherein 
the plurality of rows of each said group comprises a plurality 
of separated rows. 

21. The display apparatus according to claim 18, wherein 
the drive control unit controls the power source drive unit to 
Supply the second Voltage to the display pixels for each said 
group as the drive Voltage in the non-display period, and, 
within each said group, simultaneously sets the display pixels 
to the non-display operation state. 

22. The display apparatus according to claim 21, wherein 
the display panel includes a plurality of power source lines 
corresponding respectively to rows of the display panel, and 
the drive Voltage is applied via the power Source lines, 

wherein the power source lines are divided into groups in 
correspondence to the plurality of rows of each said 
group, and 
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wherein, within each said group, the power Source drive 

unit commonly Supplies the drive Voltage to each of the 
power source lines in the group, and simultaneously 
Supplies the drive Voltage to the display pixels in the 
group. 

23. The display apparatus according to claim 18, further 
comprising: 

a plurality of bias lines provided on the display panel along 
the Scanning lines, respectively; and 

a state setting unit which eliminates a bias State set corre 
sponding to the display data based on the gradation 
signal to the display drive circuit of the display pixels in 
each row, generates a setting signal for setting a specific 
bias state, and applies the setting signal to each of the 
bias lines; 

wherein the plurality of bias lines are divided into groups 
each including a plurality of bias lines corresponding to 
the plurality of rows of each said group, and 

wherein, within each said group, the State setting unit Sup 
plies the setting signal to said plurality of bias lines in the 
group, and simultaneously supplies the setting signal to 
said plurality of display pixels in the group. 

24. The display apparatus according to claim 18, further 
comprising: 

a plurality of bias lines provided on the display panel along 
the Scanning lines, respectively; and 

a state setting unit which eliminates a bias State set corre 
sponding to the display data based on the gradation 
signal to the display drive circuit of the display pixels in 
each row, generates a setting signal for setting a specific 
bias state, and applies the setting signal to each of the 
bias lines: 

wherein the State setting unit sequentially Supplies the set 
ting signal to the plurality of bias lines corresponding to 
the plurality of rows of each said group, and, within each 
said group, sequentially supplies the setting signal to the 
display pixels in the plurality of rows in the group. 

25. A drive control method of controlling a display appa 
ratus to display image information corresponding to display 
data, wherein the display apparatus comprises a display panel 
including a plurality of display pixels arranged thereon in 
vicinities of intersections of a plurality of scanning lines 
arranged in a row direction and a plurality of data lines 
arranged in a column direction, and wherein each of the 
plurality of display pixels has an optical element and a display 
drive circuit which controls an operation of the optical ele 
ment, the display drive circuit having a first Switch circuit 
including a control terminal and a conduction channel having 
a first end and a second end, a drive Voltage being applied to 
the first end of the conduction channel, a first end of the 
optical element being connected to the second end of the 
conduction channel, and a second end of the optical element 
being set to a given potential, the method comprising: 

sequentially setting the display pixels to a selection state, 
row by row: 

sequentially supplying a gradation signal corresponding to 
the display data to the display pixels in each row set to 
the selection state; 

in a display period, Supplying as the drive Voltage a Voltage 
which sets each of the display pixels to a display opera 
tion state, and setting the display drive circuit of each of 
the display pixels to the display operation state in a bias 
state corresponding to the gradation signal; and 

in a non-display period including a period in which the 
display pixels are set to the selection state, Supplying as 
the drive Voltage a Voltage which sets each of the display 
pixels to a non-display operation state, and setting each 
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of the display pixels to the non-display operation state in 
which the display data is not displayed. 

26. The drive control method according to claim 25, 
wherein the setting of each display pixel to the display opera 
tion state comprises Supplying to the display pixel a first 
Voltage for setting the optical element to a forward bias, as the 
drive Voltage, and 

wherein the setting of each display pixel to the non-display 
operation state comprises Supplying to the display pixel 
a second Voltage for setting the optical element to the 
non-display operation state, as the drive Voltage. 

27. The drive control method according to claim 25, 
wherein the setting of each display pixel to the non-display 
operation state comprises setting the display pixel to a spe 
cific bias State by eliminating the bias State corresponding to 
the gradation signal set in the display pixel. 

28. The drive control method according to claim 27, 
wherein the setting the display pixel to the specific bias state 
is performed by applying one of a no-Voltage and a reverse 
bias Voltage. 

29. The drive control method according to claim 27, 
wherein the setting the display pixels to the display operation 
state is performed by applying to the display drive circuit a 
first voltage for setting the optical element to a forward bias 
state, as the drive Voltage, and by holding a Voltage compo 
nent corresponding to the gradation signal in the display drive 
circuit. 

30. The drive control method according to claim 29, 
wherein the setting the display pixels to the specific bias State 
is performed by discharging the Voltage component held in 
the display drive circuit, and by applying and holding one of 
a no-Voltage and a reverse bias Voltage in the display drive 
circuit. 

31. The drive control method according to claim 29, 
wherein the optical element comprises a light emitting ele 
ment which performs a light emitting operation at a lumi 
nance corresponding to a current value of a current applied 
thereto, and wherein the display pixels are caused to perform 
a display operation by causing the light emitting element to 
performalight emitting operation with aluminance gradation 
corresponding to the gradation signal. 

32. The drive control method according to claim 31, 
wherein the light emitting element comprises an organic elec 
troluminescent element. 
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33. The drive control method according to claim 31, 

wherein the Supplying the gradation signal to the display 
pixels comprises Supplying to the display pixels a gradation 
current having a current value which causes the light emitting 
element to perform the light emitting operation with a lumi 
nance gradation corresponding to the display data. 

34. The drive control method according to claim 25, 
wherein said plurality of display pixels of the display panel 
are divided into a plurality of groups, each including a plu 
rality of rows, and 

wherein the setting the display pixels to the display opera 
tion state comprises Supplying to the display pixels for 
each said group a first Voltage for setting the optical 
element to a forward bias, as the drive Voltage, such that, 
within each said group, the display pixels are simulta 
neously set to the display operation state. 

35. The drive control method according to claim 34, 
wherein the plurality of rows of each said group comprises a 
plurality of continuous rows. 

36. The drive control method according to claim 34, 
wherein the plurality of rows of each said group comprises a 
plurality of separated rows. 

37. The drive control method according to claim 34, 
wherein the setting the display pixels to the non-display 
operation state comprises Supplying to the display pixels for 
each said group a second Voltage for setting the optical ele 
ment to the non-display operation state, as the drive Voltage, 
Such that, within each said group, the display pixels are simul 
taneously set to the non-display operation state. 

38. The drive control method according to claim 34, 
wherein the setting the display pixels to the non-display 
operation state comprises eliminating the bias state corre 
sponding to the gradation signal set to the display pixels to set 
the display pixels to a specific bias State. 

39. The drive control method according to claim 38, 
wherein the operation of setting the display pixels to the 
specific bias state comprises, within each said group, simul 
taneously setting said plurality of display pixels to the specific 
bias state. 

40. The drive control method according to claim 38, 
wherein the setting the display pixels to the specific bias State 
comprises, within each said group, sequentially setting rows 
of the display pixels to the specific bias state. 
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